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INFLUENCE OF ADDITION OF CHLORINE TO THE SIDE CHAIN 
ON CERTAIN ACTIONS OF ACETYLCHOLINE 

JiVMES L MORRISON 

Department of Pharmacology, Emory XJmicrstty School of Medtnnc, Atlanta, Georgia 
Received for publication January 4, 1943 

The introduction of chlorine into the molecule of aliphatic compounds u^uallj 
increases the acute toxicitj and intensifies the pharmacological activity (1) 
For example, monochloroacetic acid compared nitli acetic acid is considerablv 
more toxic and more acti\e, and it has different pharmacologic properties (2) 
If one considers acetj Ichohne an analogue of acetic acid, then it ^^ouId be logical 
to assume that chloroacetylchohne ould be more toxic and more acti\ e thnn the 
parent compound This, hoi\ e\ er, as sIiointi bj Hunt and Renshaw (3) not to 
be the case Companng these ti%o compounds thej found chloroacetj Icholine 
bromide to be less toxic and to ha\ e a muscarinic action onlj one thousandth as 
great as acetj Icholme The present studies confirm these findings and extend 
the obser\ ations to include additional comparative action ' 

Methods Blood pressure effects were studied in ten normal dogs anesthetized with 
pentobarbital sodium Mean carotid arterial pressures were recorded by means of a 
damped mercury manometer Chloroacetylchohne was compared in each animal wnth 
choline and acetylcholine, and all drug solutions were administered both subcutaneouslj 
and intravenouslj Drug effects were determined first in the normal animal and then 
subsequent to cither escnnization or atropinization 

The effects on smooth muscle were studied on isolated strips of rabbit ileum suspended 
in ox^ tenated Tytode'a solution at 37*C the contraeticms being recorded on moving kymo 
graph paper 

Toxicities were determined bj intrapentoncal injection into adult white mice The 
chromodacryorrhea test (4) was earned out on eserimzcd white rats, the drugs being in- 
jected intrapentoncal ly 

Results Blood pressure No significant alterations of blood pressure oc 
curred follotnng subcutaneous injections The muscarinic action of chloro 
acetjlcholme, as evidenced b> its depressor action, is more nearlj compaiable 
"With that of choline than w ith that of acetj Ichohne The intravenous injection 
into normal animals of chloroacetylchohne in doses of 10 * mols per kilogram of 
body weight reduced the mean blood pressure bj an axerage of about 40 mm of 
mercury Choline m like do'ie was about one third to one half as effectne, 
whereas acetj Icholme in equi molar solution proved fatal and was not repeated 
Injection of the latter in a concentration of 10"^ mols per kilogram of bod\ 
weight led to a depressor effect about equal to that of the choline solution 
(The effects of the chloroacetylchohne ^^ere somewhat more persistent ) After 
esermization the same dose of chloroacotylcholme produced a fall of blood pres 

‘ The chloroacetylchohne chloride used in these experiments was prepared by Dr David 
Fielding Marsh at West \ irgima University 
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sure on an average of about 80 mm. mercury, while acetylcholine (10-^ mols. per 
kilogram of body weight) had an even greater depressor effect. The choline 
rcisponse was about the same as before eserinization (see fig. 1). 

Nicotinic actions were demonstrated after atropinization. Chloroacetjd- 
choline (10-^ mols. per kilogram of body weight) had only a slight pressor action 
resulting in an elevation of the blood pressure on the average of about 15 mm. 
mercurjs whereas a like dose of choline was about twice as effective. Acetyl- 
choline produced no rise of blood pressure in any of this group of animals until 
a concentration of 10“® mols. per kilogram of body weight was reached, and an 



Before Atropine 


160 - 4 . 5 , 



100 - 


After Atropine 

Fig. 1. Effect of intravenous injection of choline, acetylcholine and chloroacetylcholine 
on carotid arterial pressure of dog before and after injection of 0.05 mg./kgm. physostigmine 
salicylate. 1) Choline chloride, lO'* Mols/kgm. 2) Chloroacetylcholine chloride, 10~* 
^tols/kgm. 3) Acetylcholine chloride, 10“* Mols/kgm. 4) Choline chloride, 10“’ Mols/ 
kgm. 5 ) Chloroacetylcholine chloride, 10“’ Mols/kgm. 6) Acetjdcholine chloride, 10“' 
Mols/kgm. 

increase in the dose to 10~- mols. per kilogram had only a slightly greater effect 
(gee fig. 2). 

Smooth muscle. Comparable increases in tone and contractions of the ileum 
strips were produced by 10“^* molar solutions of chloroacetylcholine and 10“® 
molar solution of acetylcholine. Choline on 10"'^ molar solution produced only 
a slight increase in tone and contractions. Chloroacetylcholine as 10“'^ molar 
solution and acetylcholine as molar solution abolished the decrease in tone 
and relaxation brought about by 10~® molar solution of epinephrine. However, 
chloroacetylcholine in concentration up to 10“~ molar did not antagonize the 
relaxing effect of 10'® molar solution of atropine, while in this respect a 10'® 
molar solution of acetylcholine produced some reversal. 

Toxicity, The results are shown in table 1, and they indicate an LD 50 of 380 
mgm. or 1.76 mM per kilogram of body weight for chloroacetylcholine and 200 
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mgm. or 1.10 mM per kilogram of body weight for acetylcholine. The results 
for acetyiclioline are in fair agreement vdth those of Hunt and Taveau (5), but 
the results for chloroacctylcholine are higher than those obtained by Hunt and 
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TABLE 1 


Cotnporjitae tn/rapcrifoncoJ tozhitr/ of chloroacetylchohne and acetylcholine for mice 


caiono Acrr \Tcuot.t\ e 

' AcnvtcHomE 


rngni Acm. 

IjvkI 

Dted 

mMArn 

nagm /kgm. 

Lived 

Died 

1.34 

295 

5 

0 

0.55 

100 

5 

0 

1 47 

320 

6 

0 

0.66 

120 

6 

0 

1.57 

340 

4 

1 

0 82 

150 

4 

1 

1 67 

360 

10 

5 

0.98 

180 

3 

2 

1.76 

3S0 

6 

9 

1 10 

200 

8 

8 

1.83 

400 

1 


1.21 

220 

2 

5 




5 j 

I 38 , 

250 , 

0 j 

6 

2 31 j 

500 1 

0 1 

I 

1,65 

300 

0 

5 


Benshaw (4). This discrepancy may be due to different criteria being used to 
determine the lethal dose. Chloroacctylcholine caused more marked salivation 
and more prolonged and severe convulsions preceding death than did acetyl- 
choline. 
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Chromodacryorrhea icsL Chloroacetyicholine in concentration up to 200 mgm. 
per kilogram of body weight in five different rats failed to produce “bloody tears/' 
whereas the injection of 50 gamma of acetylcholine resulted in appearance of 
“bloody tears^' in an average of twenty seconds in ail the animals. 

Discussion. Chloroacetylcholine has much weaker muscarinic action than 
acetylcholine, but its actions are intensified by previous eserinization, indicating 
that it is acted upon and hydrolyzed by choline esterase. The duration of the 
depressor effects on blood vessels, however, is somewhat greater than that of 
acetylcholine and this would seem to indicate that the hydrolysis occurs more 
slowly. 

Chloroacetylcholine has nicotinic action about equal to acetylcholine (pressor 
effect with mols./kg. of both drugs), in atropinized dogs without eserine. 

None of the three compounds had any significant effect on respiration. In- 
clusion of chlorine in the acetylcholine molecule markedly effects its antagonistic 
action toward atropine as shown by the gut experiments, a relatively high con- 
centration of chloroacetylcholine Molal) having no effect on strips of atro- 
pinized gut which were affected by a very low concentration of acetylcholine 
(10~® Molal). 


SUMMARY 

Introduction of chlorine into the acetyl group of acetylcholine greatty reduces 
its muscarinic effect on blood pressure and slightly reduces its toxicity for white 
mice. Chloroacetylcholine chloride does not give a positive chromodactyorrhea 
test. 
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FURTHER STUDIES OF THE ADDICTION LIABILITY OF DEMEROL' 

(l-METin'Ii-^-PlIENYL-Fll’EIlIDINE-/rCARBOXYUC AciD ETHYL EsTER 
Hydrochloride) 

C. K. HIMMELSBACH 

From the United States Public Health Service HoepUol, LexinQton, Kentucky 
Bcceiveil for publication April 2S, 1013 

In a previous study it was shown that Demerol, administered practically ad 
libitum to post-addicts for ten weeks, caused the development of strong physical 
dependence similar to that resulting from abuse of morphine (1). Andrews re- 
ported the development of tolerance to the pain threshold raising action (2) and 
the untoward cortical effect (3) of Demerol in these patients. These results 
indicate that Demerol addiction (physical dependence) and intoxication (psy- 
chosis, and epileptiform seizures) maj*' be anticipated should this drug be abused 
by addicts. The decreased availability of fashionable narcotics (opium, heroin, 
and morphine) might lead addicts to employ Demerol as a substitute unless ap- 
propriate safeguards are taken. 

It is important also to know whether or not significant addiction is apt to result 
from prolonged use of Demerol as a substitute for morphine in the bona fide prac- 
tice of medicine. Batterman has administered effective clincal doses of Demerol 
over prolongetl periods for the relief of pain without encountering abstinence phe- 
nomena on discontinuing the drug (4). Since it is knowm that morphine also may 
be administered regularly in amounts not in excess of the therapeutic requirement 
over a period of several months without resulting in significant physical de- 
pendence (5), Batterman’s results might indicate that he used good clinical 
judgement as regards dosage, that Demerol is less liable than morphine to cause 
physical dependence in clinical use, or both. 

In attempting to assay the comparative addiction liabilities of two or more 
drugs given for similar clinical analgesia, one must first take into account the 
relation of total analgetic to total physical dependence action of each drug (6). 
The total effect of either action can be estimated from knowledge of the intensity 
and duration of the effect. It might be anticipated that a dnig having longer and 
stronger physical dependence action than analgetic effect would be more apt to 
cause physical dependence from repeated clinical use than a drug in which the 
relation of these actions is the eonverse, since in the latter contingency with the 
drug being administered on the basis of its analgetic action there would be less 
opportunity for sustained and cumulative physical dependence action. Such 
considerations pertain to the relative likelihood of physical dependence develop- 
ing as a by-effect of bona fide clinical use, rather than to the uncontrolled abuse of 
a narcotic drug for the satisfaction of an inebriate impulse. 

* Demerol was furnished through the courtesy of Dr. O. W. Barlow of the Wnthrop 
Chemical Company. 
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The potencj'” of Demerol is less than that of moiphine as regards both physical 
dependence action and analgesia. The duration of physical dependence action 
of Demerol probabl}^ exceeds its analgetic action onl 3 ’’ slightl 3 '' and is considerably 
shorter than that of morphine. The duration of physical dependence action of 
morphine is probably" at least twice that of its analgetic effect. Thus the pharma- 
cologic characteristics of Demerol and morphine suggest that Dehierol should be 
less apt to produce physical dependence as a b^'-effect of clinical use. 

With these considerations in mind it was decided to ascertain whether or not 
the administration of Demerol in clinical doses would result in the development of 
physical dependence in post-addicts not requiring an analgetic. It was assumed 
that the clinical dose range of Demerol w’ould be between 75 mgm. q.i.d. and 100 
mgm. eight times daily. 

Methods. After at least one week of preliminary observation, Demerol was admin- 
istered subcutaneouslj^ to post-addicts as shown in table 1. 


TABLE 1 


CASE KUMBER 

DOSE OF DEMEROL 

1 

IfUMBER OF DOSES j 

PER DAY 

PERIOD 

473, 474 and 475 

mgm. 

100 

i 

8 

2 w’eeks 

483, 484, 485 and 487 


4 

3 months 

500 


4 

2 months 

500 


8 

2 weeks 

515 and 516 

75 

8 

1 month 

519, 520 and 521 

100 

8 

1 month 

525 and 526 * 

75 

S 

2 w’eeks 


Cases No. 473, 474, and 475 (Subjects 1, 3, and 4 of the previous Demerol study (1)) were 
returned after six months of abstinence to study the effect of 100 mgm. of Demerol eight 
times daily for two weeks. Cases No. 515 and 516 were restudied after six weeks of absti- 
nence as Nos. 525 and 526. The interval between the two dosage schedules shown for 
patient No. 500 w'as one day. 

Observations for temperature, respiratory rate, pulse rate, and signs of withdrawal 
were made three times daily. Blood pressure and weight were determined each morning 
before breakfast. Observations were made at hourly intervals when medication w^as with- 
held for one da}’ and for the first tw’o days after withdrawal. Demerol w’as withheld for 
24 hours after the first and second months of administra tion to patients Nos. 483, 484, 485, 
487, and 500, and after the second w’eek in patients Nos. 515, 516, 519, 520, and 521. Absti- 
nence syndrome intensities W'ere evaluated by the point system (1). For purposes of com- 
parison, 5 post-addicts w’ere given 10 mgm. of morphine q.i.d. for one month. 

■ Results. At the outset patients receiving 75 mgm. q.i.d. liked the effects of 
Demerol. Such effects were described as being “like Nembutal or Cocaine”, and 
lasting onl}' an hour or so. However, sometimes no “satisfying” effect was ex- 
perienced, and during the second and third months these patients admitted of 
little or no “kick” from the medication. Except for occasional muscular twitch- 
ing, neither the appearance nor the behavior of these patients w'as significantly 
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abnormal during the period of drug administration. In the first two weeks the 
patients experienced rather weired dreams, but none exhibited evidence of toxic 
psychosis or epileptiform seizure. 

Signs of abstinence were obser\’ed upon interrupting the administration of the 
drug for 24 hours on the 30th and COtU days, and following its withdrawal on the 
91st day. These consisted of yawming, lacrimation, rhinorrhea, perspiration, 
gooseflesh, and dilated pupils. No restlessness or emesis occurred. The in- 
tensity of the abstinence syndrome was at no time more than mild in any of the 
patients (fig. 1, curve F). Tlie sj-mptoms complained of were insomnia, aching 


abstinenjce: syndrome. 

INTENSITY POINTS 



FlO. 1. COMP.UllSON OP AbSTIKENCE SrNDROMES 

* ■* --- -- 7j. jjetngrol cd litiiufn for 10 weeks (1); 

_ t '' f ascs 473, 474, 475, and 500; dcmcrol, 

■ ■ • ■ ' ■ _ *, deracroI,75mgm,q.i.d for 3 months. 

in the legs, hot and cold flashes, and cramps in the stomach. None considered 
that he had acquired a ‘’real habit”, but rather a “mild yen” for the drug. Sev- 
enty-five rngm. of Demerol at the 30th hour after withdrawal abolished tempo- 
rarily these mild signs and symptoms. 

The post-addicts receiving 75 or 100 mgm. of Demerol eight times daily dis- 
played proportionately greater effects: nervousness, irritability, and muscular 
twitches were noted; one had iirinarj’ retention at the outset; all slept more than 
usual and complained of drjmess of the mouth for the first week or so. These 
patients also noted irregularity in subj ective effects. The signs and sjinptoins of 
abstinence wliich followed withdrawal, while somewhat more intense than those 
in the group which received 75 mgm. q.i.d., would be classified as mild (fig. 1, 
cun’e E). The abstinence syndrome exhibited by patient No. 500 was of raoder- 
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ate intensity (curve C, in fig. 1). The abstinence syndromes sho\vn by patients 
473, 474, and 475 also were of moderate intensity (curve C, fig. 1). 

The changes in temperature, respiration, blood pressure, weight, and caloric 
intake during Demerol administration were smaller but in the same direction as 
those occurring in patients receiving morphine. Pulse rate tended to increase 
during Demerol administration, whereas it generally decreases while morphine is 
being given. 

Discussion. In inteipreting the results of this study we should emphasise 
that the subjective estimates were made by post-addicts experienced in the effects 
of narcotics, that there was no clinical indication for Demerol, and that the 
observations for objective abstinence phenomena were made by trained observers 
who had'no duties other than the ward administration of studies on not more than 
twelve patients. Two of these conditions might facilitate the development of 
physical dependence: 

Jf. Post-addicts might be more susceptible to the development of physical 
dependence on a drug than are “normal” persons, and 

2. There is reason to believe that pain antidotes effects of morphine, and 
perhaps Demerol.^ 

I! patients receiving Demerol or morphine under clinical conditions should de- 
velop mild physical dependence, this might not be obser^^ed by hospital personnel 
not especially familiar with manifestations of abstinence, nor be recognized by 
otherwise ill and addiction-inexperienced patients. It is probable, however, 
that moderate or more intense abstinence phenomena would not be overlooked 
subsequent to discontinuation of medication. 

Since such differences are in degree, not kind, it seems desirable for purposes of 
discussion to indicate a level of abstinence syndrome intensity which would serve 
to divide tins illness into that which is clinically significant and that which is not. 
Experience suggests that abstinence S 3 ndromes reaching an intensity” of 20 points 
or more generally are sufficiently incapacitating to warrant some therap 3 % whereas 
those below this level require little or no treatment. The latter usually’' are no 
more disturbing than a common cold or a mild attack of influenza. The ab- 
stinence S 3 mdromes of patients who received 75 mgm. of Demerol q.i.d. for three 
months and those given 75 or 100 ragm. eight times daily for two to four weeks 
fell into this latter category. Clinically significant abstinence syndromes were 
exhibited by the patient who was given 75 mgm. q.i.d. for two months prior to 75 
mgm. eight times dail}^ for two weeks, and by the patients previous^" strong!}* de- 
pendent on Demerol, who six months subsequently received 100 mgm. eight times 
daily for two weeks. Thus it would appear that previous use of Demerol, remote 
or recent, in large or small amounts, may facilitate the development of clinically 
significant ph 3 *sical dependence on 600 to SOO mgm. of Demerol per day. On the 
other hand, in two instances, 600 mgm. per day for two weeks to post-addicts 
with previous Demerol experience did not result in the development of clinically 
significant physical dependence. 

*Hecbt, Xotb, and Yonkman (8) have lecently reported the appearance of abstinence 
phenomena subsequent to withdrawal of Demerol after its prolonged administration for 
thh control of pain in patients not previously addicted to drugs. 
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The addiction characteristics of Demerol suggest that it possesses a lower order 
of addiction liability than morphine. The results of thU study confirm this. It 
is not yet possible to estimate the extent of the difterence in addiction liability of 
Demerol and morphine given in equally effective clinical doses for the prolonged 
control of pain, but it sccmS that Demerol would be the safer of the two drugs. 

Since it appears probable that Demerol will soon enjoy wide therapeutic use, it 
is appropriate to reiterate that so far as addiction liability is concerned the 
difference between Demerol and morphine is largelj' in degree, not kind. It 
might be most unfortunate if the impression became popular that Demerol is 
“non.habit forming”. Similar erroneous impressions surrounded the introduc- 
tion of heroin and dilaudid and resulted in unjustified optimism and addiction in 
patients who should have been spared both. An analogous situation developed 
in certain Provinces of Canada before the sale of codeine was restricted. Hence, 
physicians should be enjoined to employ demerol with the same degree of caution 
that should be given to prescribing morphine. With such caution the beneficial 
effects of the drug would not be minimized appreciably and the occurrence of 
addiction to Demerol in the bona-fide practice of medicine should be rare. 

CONCLUSIONS 

1. Demerol possesses the liability of producing physical dependence similar to 
that caused bj* morphine. 

2. In climeal doses the addiction liability of Demerol is less than that of 
morphine. 

3. As an addiction preventive measure, caution and restrictions similar to 
those involved in the clinical use of morphine should be applied to Demerol. 
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Demerol (hydroqhloride of I-raethyL^-phenyLpiperidine-^-carboxylic acid 
ethyl ester)^ is a synthetic drug which has certain morphine-like properties (1) (2). 
It is a good spasmolytic and analgetic agent and in the absence of pain vnll 
produce physical dependence in post addicts (3) if large doses are administered 
frequently. In addition to certain pharmacological similarities, both compounds 
possess a methyl piperidine group which suggested the comparison of the urinary 
excretion. The urinary excretion of Demerol was followed during studies on 
its addiction liability (4). 

Barlow and Ciimenko (5) proposed a method for the determination of Demerol 
in urine using the reaction of Demerol with bromth 3 nnaol blue (dibromothymol 
sulfonphthalein) in a buffered solution of pH 7.4 to give a yellow colored benzene 
soluble dye. It was found that their method was not entirely satisfactory when 
applied to urine having varying pH values. 

Lehman and Aitken (6) have made improvements on the original technique 
and presented excretion data after the administration of single doses of Demerol. 
After the formation of the benzene soluble dye by the reaction of Demerol vnih 
bromthymol blue in buffered solution of pH 7.5, they treat it with alkali, and 
determine colorimetrically the amount of water soluble sodium salt of brom- 
thymol blue liberated Their method gives satisfactory results but requires 
considerable time for a determination and involves large quantities of materials. 
The method to be described is much simpler, requires less manipulations for a 
determination, and utilizes much smaller amounts of bromthymol blue and 
benzene. 

Procedure. Urine must be fresh or preserved with mercuric chloride (0.5 gm, per 24 
hour sample) and kept cold. The pH of the mixture of urine and phosphate buffer’ must 
be adjusted to approximately 7.5 by the addition of sufficient amounts of alkali. To 
determine the amount of alkali to be used 5 cc. of urine (or an aliquot portion diluted with 
water to 5 cc.) is placed in a test tube with 5 cc. phosphate buffer (pH 7.5) and 2 drops of 
stock bromthymol blue solution. The color of the resulting solution should be greenish 
blue to blue. If it is yellow or yellowish green, 0.5 N NaOH is added from a pipette until 
the desired color is obtained. 


’ This compound, known in Europe as Dolantin, was supplied through the courtesy of 
Doctor 0. W. Barlow of the Winthrop Chemical Company. 

’Reagents: Phosphate buffer solution: 3S.2 grams NajHPOi ' I 2 H 2 O; 3.68 grams Na 
H 5 P 04 * H5O. The salts were dissolved in one liter of freshly distilled water. 

Bromthymol blue solution (stock) : 400 mgm. bromthymol blue (dibromothyraolsulfon- 
phthalein); 6.4 cc. 0.1 N NaOH; water to 100 cc. For use S cc. of stock solution and 30 cc. 
buffer solution are diluted with water to 100 cc. volume. 
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Af ter determining the amount of ftl kali needed for the preliminary test, the same amounts 
of urine, nater, phosphate buffer, and alkali (but no indicator) followed bySOcc of beniene* 
arc placed in a M cc separatory funnel This mixture is agitated gently for three minutes 
and then allowed to stand until the benzene separates from the aqueous layer Then 10 
cc of the benzene extract is decanted into a 10 cc graduate cjlmdcr and transferred to a 
25 cc separator}’’ funnel containing 5 cc of the buffered bromthymol blue solution This 
mixture 13 also agitated for three minutes and then allowed to stand until the benzene 
separates from the blue aqueous solution, w hich is drained off and discarded The benzene 
solution, which is light yellow in color, is poured from the top of the funnel into a special 
test tube used for reading in the Evel) n photoelectric colorimeter After standing several 



Percent Transmission ^ Demerol-bromtliyrnol BlueDye tn Benzene 


Grai*h 1 

hours or over night m the stoppered tubes for clearing of any moisture held in suspension, 
the Color intensit} is read in the colorimeter, using a filter having a mean waaclength of 
420 Qullunicrons of the transmitted band 1 he center setting for the apparatus is obtained 
b3 adjusting the galvanometer to 100 with a benzene extract made of the reagents m the 
absence of Demerol The gaUanometer reading (per cent transmission of light through 
the solution) is converted into mgm Demerol bj means of graph 1 
Tests were made on ten post-addicts who received from 300 to 800 mgm of Demerol each 
daj for periods varying from 1 week to 3 mouths (4) Twentj four hour urine collections 
'I ere made each day and were analyzed for Demerol 

^ number of urine samples know n to be free of Demerol w ere tested, using 5 cc samples 


* Benzene is toxic and should be measured m a 25 cc graduate cylinder 
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for each test. A small amount of color was obtained in the final benzene solution. The 
average value obtained from twenty-eight (24 hour) urine samples was equivalent to 2.1 
mgra. of Demerol. This value for the blank was subtracted from the total amount of 
Demerol found for a 24 hour urine specimen. 

The excretion of Demerol after single doses was studied in several post-addicts not re- 
quiring an analgetic. Twenty-four hour urine collections were made in three successive 
periods of 7 (8:30 a.m. to 3:30 p.m.), 6| (3:30 p.m. to 10:00 p.m.), and lOJ (10:00 p.m. to 

TABLE 1 


Jiecover]/ of Demerol added to urine 


AVOXTST or COOETROZ. 
ADDED TO DRIKE 

CALVAMOUETER 
SEADINC (PER CEKT 

traksicssioh) 

AMODirr RECOVERED 

DirTERENCE 

mgm.fer Zi cc, vrine 

per cent 

msm. 


per cent 

0.000 

100 




0.005 

91.6 

0.006 

+0.001 

+20 

0.005 

93.0 

0.005 

0.000 

0 

0.005 

91.8 

0.0058 

+0.0008 

+16 

0.010 

84.0 

0.011 

+0.001 

+10 

0.010 

85.0 

0.010 

0.000 

0 

0.010 1 

84.3 

o.om 

+0.0011 

+n 

0.010 

86.0 

0.0095 

-0.0005 

-5 

0.010 i 

84.8 

0.0104 

+0.0004 

+4 

0.0125 

81.0 

0.013 

+0.0005 

+4 

0.0125 

81.3 1 

0,0128 

+0.0003 

+2 

0.020 

72.0 

0,0198 

-0.0002 

-1 

0.020 i 

72.5 

0.0192 

-0.0008 

-4 

0.025 

65.8 

0.0215 

-0.0005 

-2 

0.025 

64.8 

0.0256 

+0.0006 

+2 

0.025 

65 5 

! 0.025 

0.000 

0 

0.025 

66.0 

0.0245 

-0.0005 

-2 

0.050 

43.0 

0.052 

+0,002 

+4 

0.050 

42.5 

0.0525 

+0.0025 

+5 

0.050 

43 3 

0.0515 

+0.0015 

+3 

0.100 

20 3 

0.105 

+0.005 

+5 

0 100 

21 0 

0.102 

+0,002 

+2 

0.125 

15.3 

j 0.132 

+0.007 

+5 

0.125 

15.3 

! 0.132 

+0.007 

+5 

0.200 

7.3 

0 200 

0.000 

0 

0.200 

7 3 

0.200 

0 000 

0 


1:30 a.m.) hours, respectively, before and after the administration of 100 mgm. Demerol 
the usual clinical dose). The blank values for the urines determined the day prior to the 
idministration were subtracted from the total for each respective period. 

Results. Graph 1 is a plot of Demerol conceatration against galvanometer 
*eadings prepared from varjring concentrations of aqueous solutions of Demerol, 
ising the procedure as described for urine. 

The results of tests made on urine to which Demerol had been added are 
shown in table 1 . The amoqnts recovered compare rather favorably with values 
shown in graph 1. 
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Tlie relfttionslup of intcnsU\ of color form.ition to \innarv' pH ranging from 
43 to 80 AN ns studied When the expected amount of Demerol m urine vas 
lott and the total amount of unne u‘?ed m the test u as 5 0 cc , close agreements 

TABLE 2 


Summary of urinary excretion of Demerol 


TATltM 

KUUBCt 


KiTxnzB 

DAYS 

aatbace 

daily 

DO^ACe 

avewaci: 

AVtlACt DAILY EXCIETION 


J/Xm 

Ftr ttfil 

Ptf eeni route 

#515 

10-30 to 11-12 

8 

, 600 

1 890 ' 

46 4 

7 8 

4 6-11 7 


11-14 to 11-27 

13 

600 

912 

13 5 

7 3 

3 7-12 7 

#519 

11-9 toll-12 

4 

300 

! 1,227 

1 

12 8 i 

4 3 

2 7-59 


; 11-13 to 11-22 

8 

800 

1,345 

42 2 

5 3 

2 9-76 


1 11-25 to 12-<i 

12 

soo 

1,205 

47 1 

5 9 

4 1-95 

#520 

11-10 to 11-12 

3 

300 

; 1,350 

20 1 

67 

5 3-75 


11-14 to 11-23 

10 

800 

1,365 

74 1 

9 3 ! 

2 7-15 9 


11-25 to 12-7 

13 

800 

1,610 

46 4 

5 7 

2 2-89 

#521 

11-H to n-12 

2 

300 

8S2 

26 7 

S 9 

5 7-12 1 


11-14 to 11-24 

10 

730 

8S0 

89 0 

12 8 

8 3-20 4 


11-25 to 12-10 

13 

. 800 

1,372 

lOS 5 

13 G 

9 2-21 2 

*522 

11-11 to 11-12 

i 

, 300 

1,197 

21 7 

7 2 

6 9-76 


11-13 to 11-16 

4 

785 

1,134 

62 5 

7 9 

2 5-U 0 

#4S3 

7-22 to &-7 

15 

300 ' 

1,277 

32 0 

10 6 

4 2-18 5 


8-9 to 8-30 ' 

17 

300 

1,512 

34 4 

11 5 

5 0-16 0 


9-0 to 10-7 

9 

300 

1,469 

31 3 

11 4 

9 4-13 8 

#4S4 

8-12 to 8-31 

15 

300 

i 1,460 

12 7 

4 2 

2 3-70 


0-12 to 10-10 

8 

300 

1,593 

13 0 

4 3 

2 6-86 

#485 

7-23 to 8-8 

14 

300 

2,551 

21 0 

7 0 

3 2-11 9 


8-11 to 9-1 

15 ' 

300 

2,576 

17 6 

0 0 

3 8-71 


9-10 to 10-9 

9 ! 

300 ! 

2,142 

16 9 

5 6 

2 5-10 4 

«4S7 

8-14 to 9-9 

18 

300 

012 

35 6 1 

11 9 

6 4-lS 4 


9-13 to 10-13 

9 

300 

1,050 : 

42 0 

14 6 

7 1-18 9 

#500 

8-31 to 9-20 

IS 

300 ' 

S8S 

31 7 

11 5 

7 1-14 7 


10-3 to 10-23 

15 

500 

794 ! 

37 0 

12 6 

1 9 5-17 8 



10-26 to 11-5 

9 

GOO 

801 

74 4 ' 

12 3 

8 7-18 3 


m color intensity were obtained on all sample^? between pll 5 0 and 7 8 Wlicn 
higher concentrations of Demerol were present and the amount of urine used 
uas 2 cc diluted to 5 cc with water, all samples (pH 4 3 to S 0) tested gai e clo'se 
agreement with each other, mdicatmg that the phosphate buffer, pH 7 5, and 
the added alkah w ere *!ufficiently effective 
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Table 2 shows the results on excretion of Demerol in ten patients who received 
the drug in daily amounts of 300, 600, and 800 mgm. for periods of 1 week to 
3 montlis. The percent of Demerol excreted was approximately the same for 
each of the dosage levels, the average value for 273 analyses being 9.1. The 
values ranged between 2.2 and 21.2%. In some patients the average excretion 
value was either higher or lower than the general average for all analyses, but 
for any given individual the variation was within narrow limits. The develop- 
ment of tolerance did not appear to alter the per cent of Demerol excreted, for 
the values were about the same in the first and the last weeks of the study. 

The excretion of Demerol after single 100 mgm. doses is shown in table 3. 
The average daily amount excreted is about the same as in patients receiving 
daily multiple doses. About 72% of the Demerol found in urine is excreted 
within 7 hours after its administration. In the following hours about 14% 

TABLE 3 


Percentage excretion of Demerol after a iOO mgm! dose 


TIME OF lIKI^^: COLLECTION 





SUDJECTS (POST‘ADDICTS) 





AVER- 
AGE PER 
CENT 
OT 

1 

1 

1 

2 

3 1 

1 

1 

4 ! 

i 

S 

1 

6 ! 

7 ; 

8 

9 

10 

11 

12 

Av- 

AMOUNT 

EX- 

CRETED 

S:30 a.m. to 3:30 p.m. 
(7 hr.) 

13.2 

1 

6.7 

1 

7.4' 

jqi 

1 

1 

7.7 

16.6 

6.8 

5.7 

.0' 


1 

5.1^ 

9.7! 

8.9 

71.8 

3:30 p.m. to 10:00 p.m. 
m hr.) 

Bi 

Bi 

1.6 

2.6 


Bl 

2.7 

2.4 

2.4 

tr. 

2.8 

2.3 

1.7 

1 

13.7 

10:00 p.m. to 8:30 a.m, 
(10§ hr.) 

1 2.4 

! 3.9 

1.9 

1.6 

1 

1.3 

4.2 


i tr. 

i tr. 

3.lj 

1.7 

1.8 

1 

14.5 

8:30 a.m. to 8:30 a.m. 
(24 hr.) 

16.1 

12.6' 


14.8 

,9.4 

18.7 

13.7 

8.5 


1 

! 

1 8.9 


13.7 

1 

1 

12.4 



is excreted, and in the last 10 J hours of a 24 hour sample about the same amount 
is present. In several individuals only traces of Demerol were found in the 
last period. 

Discussion. The described test is applicable to the ester but not to the 
hydrolyzed product (acid) of Demerol. An amount of the hydrolyzed product 
equivalent to Demerol gives a ver>' small amount of color as compared mth 
Demerol. To what extent hydrolysis of Demerol takes place in the human 
organism is not known. 

When a small dose of Demerol is administered a correspondingly small amount 
is excreted in the urine. This amount may increase the color intensitj’^ of the 
test only a little more than the blank which, if not determined fairly accurately, 
would introduce a large error. Occasionally, a Demorol-free urine gives a high 
value for a blank, which, when subtracted from the corresponding total Demerol 
in urine after its administration, would yield a false result. When large amounts 
of Demerol are administered the blanks become comparatively insignificant. 
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A number of undetermined substances present m unne apparently account for 
the blanks ha\ing \anablc \alucs wliicli occasionally ma> be unusually high 
An old urine ^ ithout prcser\ ati\ e uiU yield a high blank Some of the organic 
bases, such ns morphine, codeine, nicotine, and aminopjarme were found to gi\e 
some color b\ thLs test The amount of color developed m urine from a patient 
rcccn mg 200 mgm morphine dailj is so slight as to be scnrcclj distinguishable 
from a blank h\ this test 

In addition to the fact that Demerol has much in common v ith morphine, the 
percentage excretions of both Demerol and free morphine (7) are approximate!} 
the same The duration of Demerol action is about G or 7 hours, after which 
approximate!} 72% of the total amount m a 24 hour sample has been excreted 
Small amounts can be demonstrated in urine 2 hours after a 100 mgm dose 
It has been suggested (5) that the mechanism of the reaction for the formation 
of the benzene soluble ds c is a combination of the sodium salt of bromth}Tno! 
blue with the nitrogen of the mcth}l pipcndme portion of the molecule, which 
b common to both morphine and Demerol The reason for the low order of 
color formation with the h} drol} zed product of Demerol is as j et obscure 

SUIIMAHY 

1 A method for the determination of Demerol m unne is desenbed 

2 The per cent of Demerol excreted m the unne of post addicts not rcquinng 
an analgetic rccoi\ mg 300 to 800 mgm Demerol per daj a aned betw een 2 2 
and 21 2 Tlie average for 273 anal}ses was 9 1% Tolerance was not a factor 
affecting Demerol excretion 

3 Tlie average per cent excretion of Demerol after single doses of 100 mgm 
was, after 24 hours, about the same os m patients receiving dail} multiple doses 
■vaiyrng from 300 to 800 mgm About 72% of the total amount of detectable 
Demerol m urine is excreted within 7 hours after a dose 
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Blood concentration following injections of pilocarpine has been observed by 
various investigators using leucocyte counts (1, 2) hemoglobin (2, 3, 4) erythro- 
cyte counts (3, 5) and circulating water (6) as indices. It seemed however that 
blood specific gravity determinations which permit rapid, frequent, and delicate 
observations on whole blood and serum could be used profitably to investigate 
some of the details responsible for the concentration phenomena. 

Methods. Forty one dogs under sodium pentobarbital anesthesia (32.5 mgra./kgm.) 
were used. Blood pressure was taken directly by a carotid arterj’’ manometer, blood 
samples were drawn from the jugular and the femoral veins, and the injections of pilo- 
carpine were made via the femoral vein. Blood specific gravity was determined by the 
falling drop method of Barbour and Hamilton (7), but a large water bath was used to insure 
minimal temperature changes and specially standardized pipettes mounted in a hand drop- 
per of the general type described by Guthrie (8) were employed to obtain the standard 
drops of blood. Blood hemoglobin was measured by the standard Sahli method. 

As blood concentration is known to vary with several factors, chief of which are the 
addition of erythrocytes and the withdrawal of water, the blood specific gravity during 
pilocarpine action was determined following the removal of the spleen (a possible source 
of additional erythrocytes), and the salivary glands, kidneys, stomach and intestines 
(structures known to remove water from the blood). 

Results. The specific gravity of the blood from the exteiTial jugular veins 
of five dogs was determined evei^^ 10 minutes for four hours, a period exceeding 
the duration of any of the pilocarpine experiments. These controls showed that 
there was a slight gradual rise in blood specific gra^dt}'’ during the four-hour test 
(fig. 1). Consequently, the cun^e drawn from these averages has been placed 
on every graph for comparison. 

The average normal specific gravity of the blood from another series of five 
dogs was found to be 1.0581 (table 1), Determinations were made every five 
minutes for 20 minutes to establish a normal value under the existing conditions 
of anesthesia and surgery. At this time pilocarpine nitrate was injected (0.2 
mgm./kgm. same dosage throughout this work) and the blood specific gravity 
followed at 5 minute intervals. The highest blood specific gra^dty (1.0644, table 
1) indicating the maximal blood concentration was attained 5 minutes after the 
injection. At the end of 20 minutes the average specific gravity had decreased 
to 1.0619, and a second injection of pilocarpine nitrate was given. Five min- 
utes after this second dose the highest level was noted (1.0652) and fifteen min- 
utes later the specific gra\dty was still 1.0636 (table 1). 

The blood pressure fluctuated very little after an initial fall of about 50 mm. 
of mercury immediately following injection of pilocarpine. After about three 
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vary glands from dogs. 

eravity of all 3 dogs rose during this period. Subsequently, the serum specific 
gravity was determined for blood drawn from 12 other dogs (modified by various 
surgical procedures, table 2) following pilocarpine injections. In 11 of these 
dogs the serum specific gravity rose and one showed a slight fall, that is from 
a total of 15 dogs the specific gravity of the blood serum rose in 13 and fell in tw’o 
during the 5 minute period of raaidmal blood concentration following pilocarpine 
injections It seems, therefore, that either w’ater is lost from, or there is some 
addition of solids to the blood serum during this period of maximal con- 
centration. 
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The hemoglobin of the dogs in series 3 increased from an average normal level 
of 14.3 grams to 19.2 grams per 100 cc. of blood during the 5 minute period of 
blood concentration foil Giving pilocarpine injection (table 2). 

As pilocarpine causes marked salivation a comparison of the specific gra\dty 
of blood from the jugular and femoral veins of five dogs (the femoral samples 
drawn two minutes after the jugular) was made to determine any changes the 
activity of the salivary glands might have on the concentration of the blood. 
The average specific gravity of the blood from these five dogs showed that the 
normal specific gravity of the blood from the jugular vein was ver^’' slightly 
higher than that of the blood from the femoral vein (fig. 1). Five minutes after 
the Injection of pilocarpine specific gra^dty values of the blood from the jugular 
and femoral veins were at the highest levels, 1.0618 and L0584, as compared to 
the normal values of 1.0539 and 1.0537 respectively. At the end of 95 minutes 
the specific gravity levels of the blood from the jugular and femoral veins (1.0598 


TABLE 1 

EJS^ect of two injections of pilocarpine on the specific gravity of dog blood 



NOKIIAI.* 

AITEX PItOCAiPINEt 

APTEP SECOND DOSE OP PIEOCAPPIKEt 

DOG 

5 

10 

15 

20 

2 

5 

10 

15 

20 

2 

5 

10 

15 

20 


mm 

mm 

mm 

mtn 

mm 

mm 

mm 

mm 

mm 

.. 

mia 

mm 

mm 

mm 

mm 

u 

1 0M6 

1 0635 

1 0630 

1 0530 

1 0637 

1 0656 

1 0638 


1 0628 

1 0656 

1 0672 

1 0655 

1 0551 

1 0639 

12 

1 059Q 

1 0594 

1 0591 

1 05SS 

1 0654 

1 0659 

1 0654 



1 0676 

1 0679 

1 0661 

1 0654 

1 0651 

13 

1 0563 

1 0562 

1 0567 

1 0566 

1 0597 

1 0614 

1 0603 

1 0599 


1 0569 

1 0599 

1 0617 

1 0610 


U 

1 0551 

1 0551 

1 0551 

1 0551 

1 0512 

1 0639 

1 0634 

1 0638 


1 0039 

1 0664 

1 0661 

1 0554 

1 0634 

15 

1 0570 

1 0560 

1 0570 

1 0569 

im 

1 0651 

1 0606 

1 0621 

1 0611 

1 0642! 

1 064S! 

1 0634 

1 0630' 

DS] 

Aver 

1 05^ 

1 05SO 

1 05S2 


1 0630 

1 0644 

1 0627 

1 0623 

1 0619 

1 0536 

1 

1 0652 

1 0546 

1 0640 

1 0638 


* Time elapsed after aurgerj completed 

t Time elapsed after injection of 0 2 ragm /kgm pilocarpine nitrate 
t Time elapsed after injection of 0 2 mgm /kgtn pilocarpine nitrate 


and 1.0584) were still 0.0059 and 0 0046 higher than the normal values respec- 
tively (fig. 1). 

As that difference persisted much longer than the actual increased salivation, 
it cannot be explained solelj^ on the basis of increased activity of the salivary 
glands. 

As this difference was greater during the first few minutes after pilocarpine 
the loss of fluid through the salivary glands might account for at least part of 
the initial rise in specific gravity of the blood. Therefore those glands were 
removed from three dogs and the determinations of specific gravity made. The 
average normal specific gravity level of the blood for the 20 minute period pre- 
ceding injection w’as 1.0561 and the highest rise (which occurred in five minutes) 
w^as 0.0071 (fig. 1). At the end of 85 minutes the specific gra%dty level w^as still 
above normal (0.0061, fig. 1). At the five minute period the serum showed an 
incre^e from a specific gra^dty of 1.0256 to 1 0294 during profuse salivation of 
the dog, which indicated a loss of water from the plasma (table 2). That loss 
could account for a part of the early rise in specific gra\dty of the whole blood. 
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The stomach which usually secretes m response to pilocarpine stimulation was 
remo\ed from each of three dogs and pilocarpine subsequently was mjected, 
resultmg m a maximal nsc of 0 0105 m 55 minutes (fig 2) It should be stated 
howei er, that there w as a pre\ lous nsc of 0 00S6 in 25 minutes At the end of 

TABLE 2 


EJJcct of jiiloearptne on the whoJe blood qnd jcrum of doQs 



DOC 

arooD srtciTic ciAvm 

stmra epicinc ciAiTTV 

HtUOGlO&tn COVIENI 

CJt /lOO cc 

Normal* 

j After pilocirpinet 

Isormal 

j Afler pitocarp ne 

Normal 

1 After p locarpme 

1 5 n)>n 

85 ma 

3 mm 

85 mm 

1 5 mta 

85 row 

Ko organs re 

! n 

1 0350 

! 1 (KMoj 

1 0o91 

1 0218 

1 02w' 

I 0250 

15 0 

21 0 

18 5 

moved 

12 

1 0531 

j 1 0036 

1 0559 

1 0275 

1 0310 

1 0275 

15 0 

20 0 

16 0 


i 13 

1 0502 

1 0505' 

1 1 

1 055-t 

1 020o 

I 02cr 

1 0200 


■Mia 

14 5 

A%eragc 


1 0536 


1 0508 

1 0263 


|IR» 



fm 

Salivary glands 

19 

1 0505 

1 1 0503 

1 0537 

1 0258 

1 1 02S3 

[1 0249 

HH 

kKi 

13 6 

removed 

20 

1 0038 

1 0CS5 

1 0091 

1 0270 

1 0291 

1 0275 

15 0 ' 

18 2 

19 0 


j2l 

1 0540 

1 1 0619 

1 0037 

1 0240 

1 0305 

i 

|1 0291 

14 2 

18 2 

17 6 

Average 

1 

1 0501 

1 0632 

1 0022 

1 1 0256 

, 1 0294 

;1 0272 

, 13 8 ' 

17 3 

16 7 

Stomach re 

i22 

1 1 05^1 

1 0657 

1 0G77t 

1 1 0346 

1 0319 

I 03591 

16 0 

19 0 

i 19 2} 

moved 

; 23 

1 0527 

1 1 0632 

,1 0521J 

1 0173 

1 0179 

1 01881 

15 4 

18 2 

19 2} 


1 24 

! 1 05G9 

1 1 OCOO 

'l 0500t 

i 1 0207 

1 0215 

1 0229} 

16 4 

17 8 

18 6} 

Average 


1 1 OoCO 

^ 1 0630 

1 0590 

1 0242 

1 0204 

1 0259 

15 9 

IS 4 

19 0 

Kidneys re 

25 

1 0407 

: 1 0467 

1 0140 

1 0176 

1 0200 

I 0185 

11 4 

12 0 

12 0 

moved 

: 2g 

1 1 OoOS 

1 1 0594 

!l OCOO 

, 1 0258 

1 0330 

1 0301 

13 0 

, 15 5 

IS 0 


: 27 

1 1 0485 

1 0501 

1 0514 

1 0220 

1 0224 

1 0270 

11 0 

11 5 

11 4 

Average 


1 &IS7 

1 0521 

1 0518 

1 0218 

1 0240 

1 0252 

11 8 

13 I 

12 8 

Circulation of 

33 

1 0612 

1 0654 

1 05921 

1 0270 

1 0282 

1 02011 

16 1 

19 2 

16 0} 

intestines 

: 31 

1 0584 

! 1 0599 

1 0599J 

1 0313 

1 0303 

1 03031 

15 S 

16 8 

15 8} 

ligated 

35 

1 0617 

i 1 0658 

1 

1 0615J 

1 0316 

1 0324 

1 03161 

18 0 

19 5 

18 0} 

Average 

i 

1 0004 

1 1 0037 

1 0602 

1 0299 

1 0303 

1 0203 

16 6 

18 5 

16 6 


• Time elapsed after surgery completed (twenty minute average) 
t Time elapsed after injection of 0 2 mgm /kgm pilocarpine nitrate 
tV5 minutes after pilocarpine 


75 minutes the specihc gravity level had fallen to 1 0596 (fig 2) Again the 
specific gra\ity of the serum had mcreased slightly (1 0242 to 1 02(>4) while the 
hemoglobin content of the blood rose from 15 9 to 18 4 grams per 100 cc of blood 
m fi\e minutes (table 2) In contrast to other experiments previously run m 
this study the specific gra\ut> reached the highest peak m 55 minutes 
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injected. These results suggest that histamine and pilocarpine may operate 
via the same mechanisms to produce blood concentration. 

Discussion. The experimental results indicate that pilocarpine produces 
a sharp temporary rise in the specific gravity of the blood throughout the body, 
as well as in the blood vessels draining those organs specifically affected by pilo- 
carpine. At least two conditions contribute to this rise in specific gravity 
of blood, namely an increase in the number of red blood corpuscles per unit of 
blood, and a loss of water from the circulating fluid. The increased number of 
red cells apparently results predominantly from the action of pilocarpine on the 
spleen and possibly other red cell reservoirs throughout the body. The loss of 
water from the blood under the influence of pilocarpine seems to be chiefly by 
way of the kidneys and intestines and to a lesser extent through the stomach, 
salivary glands, and the tissue spaces. The loss of fluid from the blood is sug- 
gested rather than an increase in solids in the blood as the organs removed 
are not believed to produce blood proteins, but (excepting the pituitary) are 
kno^m to remove water from the blood during their normal activities. Further- 
more, if an increase in solids had occurred, then all of the dogs should have 
responded similarly regardless of the organs removed. 

SUMMARY 

1. The specific gravity of blood of dogs lying quietly under sodium pento- 
barbital anesthesia (32.5 mgm./kgm.) rises gradually. 

2. Pilocarpine nitrate (0.2 mgm./kgm.) when administered to dogs in deep 
pentobarbital anesthesia produces a rapid increase in the specific gravity of 
the blood, the maximal rise being five minutes after the injection of the drug. 

3. The spleen, the kidneys and the intestines collectively contribute in the 
production of this rise in blood specific gravity follo\ving injection of pilocarpine 
into anesthetized dogs. 

4. No evidence that the posterior pituitary gland is involved in this rise 
in blood specific gra\dt 3 '' following injections of pilocarpine was obtained during 
these experiments. 
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THE KEDUCTION OP SYMMETRICAL TRINITROTOLLENE BY 
A SUCCINIC DEim)ROGENASE PREPARATION 

BENTON B WESTFALL 

From the Diiision of Chemotherapy, Is attonal Institute of Health U S Public Health Scnice 
Bcccucd for publication May 13 1043 

In previous -work it had been obsened that tissues of animals incubated 
tn vitro tvcrc able to form ammo compounds from trinitrotoluene (1) It had 
also been noted that succinate added to tissue extracts stimulated this reduction 
of the nitro group bj these extracts In addition it had been found that heating 
the extracts to SO^C almost complete!} destroyed their reducing actnity 
These findings seemed to indicate that an enzyme concerned m the activation 
of hydrogen might bo the agent cataljzing the reaction The effect of the 
succinate particular!} pointed toi\ard the mvohcment of succinic dchjdiogcn 
ase Since this cnz}mc is kno^^’n to have such a prominent part m respiratory 
metabolism (2) it 'l^as chosen for stud} both because of the abo\c findings and 
because a relativclj stable, actn c preparation v as easily made (3) The studies 
reported here sho\\ that tlus crude preparation is active in the reduction 

XIethods and Materials The succinic dehj drogenase used was prepared from frozen 
beef heart by an established procedure (3) While this preparation «as rather crude,* 
itcceraed more active than that obtained by any other method and reduced methjlcne blue 
m 8i\ minutes (3, 4, 5) For comparative purposes preparations Mere also made on a small 
scale bj this procedure from rat guinea pig and chicken hearts 

As with the tissue extracts the reduction was earned out anaerobically bj the Thun 
herg techmque Removal of proteins and color development were carried out essentially 
aspreiiouslj outlined (!) The 2 Sdinitro 4 ammo toluene as standard for this was much 
more satisfactory than when used w ith the material resulting from the interaction of kidney 
or liver extracts and the substrate 

Commercial reagent grade succinate lactate and citrate were used as their sodium salts 
Sodium malonate, fumaratc p} ruvatc and disclcnodiacetate were prepared by neutralizing 
the acids The sodium selenite was reagent grade material extensively used m this labo 
ratory for toxicity and chemical studies in recent years Diselenodiacetic acid was also 
a portion of that previouslj used (7) T1 e succinate and other metabolites unless other 
w^se stated were used at such a concentration as to be 0 01 M m the reaction tube after 
mixing 

In expressing results it has been assumed that the major portion of the material formed 
by the reducing activit} of the preparation is 2 5 dmitro 4 aimnotoUiene or 4 C dimtro, 
2 aminotolucne It the LOj group of the number 6 position were reduced instead of the 

or 2 it should give a product identical with the latter In any event if the reduction 
docs not go beyond the mono ammo stage the synthetic 2 G dimtro 4 aromotoUiono should 
probably serve as a satisfactory standard In practice this was found to be the case The 
amount of reduction is recorded as mgm of 2 G dimtro 4 ami no toluene per 100 grams of 
enzjme preparation The latter bad about 45 mgm protein per cc The xariables of 
color comparison, temperature control concentration of solution due to evacuation and 


* The succimc enzyme prepared by this method is accompanied by the cj tochrome 
oxidase as well as by cytochromes a and b (6) 

23 



24 


BENTON B, WESTFALIi 


the manipulative procedures vrete such that duplicate estimatiou differed by as much as 
10 per cent. The resulting figures have accordingly been rounded off within these limits. 
The compound 


NHCHiCHiKH. 


NO2 


\/\/ V ■ 

NO, 


presumably formed by the diazotization and coupling reaction had a clear pink hue well 
suited to colorimetric comparison with the lOett colorimeter. 


Results. As in the work (1) with the extract of the whole tissues the opti- 
mum pH for the reduction was found to be 7.4. Table 1 shows the effect of 
temperature on the reduction. The enzyme preparations were maintained at 

TABLE 1 


Reduclion of TNT as influenced by various temperatures pH 7,4 maintained 
with phosphate buffer 


T£«PEKATUltE 

amino compound POUIED per 100 CMS. ENZVME 

PREPARATION 

. “C. 


2 

2 

12 

.14 

25 

57 

37.5 

95 

43 

74 

' 55 

16 

80 

4 


the stated temperature for 30 minutes before adding the TNT and succinate and 
were then incubated for an hour as usual at the given temperature. It will be 
noted that the reaction was very nearly abolished at 2 and 80 °C. If, however, 
these two tubes were subsequently incubated at 37.5°C. mth added succinate 
for an hour the former gave a value close to 95 mgm. per cent, while the latter 
showed no increase as was to be expected if this preparation were behaving as 
the usual succinic dehydrogenase. 

The progress of the reaction with time is illustrated by the data of table 2. 

Some other possible hydrogen donators were tried with the preparation in 
place of the succinate. PjTuvate, citrate, fumarate, malate and glucose 
were without stimulating effect. The findings showed simply that the prepara- 
tion was relativeb^ pure, f.e., free of such other enzymes as fumarase. Lactate 
produced a slight reduction, presumably^ due to some lactic acid dehy^drogenase 
in the preparation. 

The effects of various agents kno\sTi to influence the activity of succinic 
dehydrogenase are set forth in table 3. The results are expressed as percent 
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of the reduction obtained with the standard amount (001 M) of added suc- 
cinate The cnz> me n as first incubated for an hour inth the added agent, then 
succinate and TNT added and the incubation continued for another hour 
Ascorbate and lodoacetate seemed to produce an inhibition of the reduction, 
but it was found that both these interfered with the diazotization procedure 
m the hjdrochlonc acid solution used for estimating the extent of the reaction 


TABLE 2 

Amount of reduced material formed from the TNT at staled time intervals 
Temperature « 37 5®C , pH 7 4 


tIUE 

ym FEE 100 OXAUS FIEFAKATION 

nhuUt 


0 

0 

10 

24 

20 

44 

30 

59 

40 

76 

60 

87 

60 

97 


TABLE 3 

Effect of venous affenis on reduction of T'^T by succinic dehydroyenase in the presence of 
0 01 1/ succinate pU 7 4 

Temperature 37 5®C Per cent reduction obtained by 0 01 M succinate + TNT 4* 
enzyme taken as 100 


rxzFAIA 

TIOV 

Kpyax* 

COMTEVT of ntPAUTtOH 

*n)ocTioH 

1 

TNT + succinate (0 01 M) 

[ ptr cent 

0 

2 

TNT + enzyme 

5 

3 

TNT 4- enzjme 4* Buccinate (0 01 M) 

100 

4 

TNT 4* enzyme 4- succinate (0 04 M) 

115 

6 

TNT 4- selenite (0 01 M) 4- enzyme 

0 

6 

TNT 4* xnalonate (0 01 M) 4- enzjTnc 

0 

7 

. TNT 4- enzyme 4* pyrophosphate (0 01 M) 

100 

8 

TNT 4- enzyme 4* diselenodiacetic acid (0 01 M) 

1 95 

9 

TNT 4* enzjme 4- ferncyamde (0 01 M) ' 

10 

10 1 

1 TNT 4- enzyme 4- oxygenation | 

0 


In the case of the former, partial correction could be ob tamed by adding cyanide 
to the protem free filtrate nith subsequent diazotization This was never 
wholly satisfactory, houever, and since the ejarude is itself a reduemg agent 
with unascertamed results it is not included in the above tabulation 
Certam differences m the behavior of the inhibitors are noteworthj nith 
respect to the time needed for jnactuation of the enzyme preparation Thus, 
malonate needed an hour’s mcubation with it previous to addition of the sue 
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cinato and TNT, whereas selenite gave the same end result whether incubated 
^vith the enz>7ne for an hour or added at the same time as the succinate and 
TNT. 

Tiie preparations were ordinarily used the day they were made from the frozen 
heart. The activity decreased slowl^^ when the suspension was stored at 5°C. 
dropping to 80 per cent of the original in 10 daj^s. The frozen heart itself con- 
tinued to give potent preparations after 6 months storage in that state. 

An effort was made to ascertain the effect of possible end products of the 
reduction such as ;^,^-dmitro-4-hydroxyJaminotoIuene or ^,^-dinitro-4'Umino- 
toluene on the course and extent of the reaction but this proved to be very 
difficult under the circumstances. Both of these diazotize and combine \rith the 
color reagent so that their value Iiad to be subtracted from that given by the 
product formed from the TNT. Also the hydroxylamino compound seemed 
to undergo some change during the incubation, probably further reduction. 
Accordingly this attempt was abandoned. 

What bearing the reduction of the nitro groups has on the toxicity of TNT 
to the animal organism remains to be determined. 

STJJklMARY 

1. A succinic dehydrogenase preparation has been examined for its reducing 
action on sjunmetrical trinitrotoluene. 

The preparation rapidly reduces the toluene derivative to a product which 
behaves on diazotization like the 4 amino compound, 

2. The reduction is influenced by various agents to a similar extent and in 
much the same manner as has been established by others for the influence 
of these agents on the acthdty of this preparation as a dehydrogenase. 
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ANTAGONISTIC EFFECT OF N-ALLYL-NORMORPHINE UPON 
MORPHINE 
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Desmethylation of morphine, codeine and other related alkaloids does not 
change qualitatively the action of these alkaloids, although their analgesic 
effects are considerablj’' diminished (1). The substitution of the NH group in 
norcodeine by a iV-allyl group (2), however, produces a remarkable alteration in 
the pharmacologic action of this substance. Pohl (3) found that JST-allyl- 
norcodeine stimulated the respiration and antagonized the depressing action of 
morphine upon the respiration. Furthermore, he described an experiment in 
which N-allyl-norcodeine temporarily aroused a dog from sleep induced by 
morphine. According to McCawley, Hart and IMarsh (4) and also to Hart (5) 
AT-allyl-normorphine appears to have a stronger antagonistic action toward the 
depression of the respiration evoked by morphine than JV-allyl-norcodeine. 
Upon the suggestion of Chauncey D. Leake, iY-allyl-normorphinc was studied 
pharmacologically in comparison "with morphine. 

The N'-allyl-normorphinc used in this study was synthesized by Weijiard and 
Erickson (6) in the !Merck Research Laboratories. Since the alkaloid is but 
slightly soluble in water, it was dissolved by the addition of a few drops of 
hydrochloric acid; the final solution (1% and 3% respectively) were adjusted 
to a pH of 5 or 6 by adding sodium hydroxide. 

General Effects. In dogs, subcutaneous injections of 10 or 20 mgm. per kgm. 
of AT-allyl-normorphine produced no signs of depression or analgesia; the animals 
remained alert and moved about freely. No change in the rate of respiration 
was noted. Defecation occurred occasionally within 30 minutes after the injec- 
tion. IMorphine (5 or 10 mgm. per kgra.) given 20 to 60 minutes after the injec- 
tion of JY-allyl-normorphine failed to produce vomiting, drowsiness or muscular 
incoordination, manifestations otherwise regularly obtained in these do^ with 
5 or 10 mgm. per kgm. morphine. Apparently premedication with iV-allyl- 
normorphine renders the subsequent injection of morphine entirelj' ineffective 
when given within an hour after the N-allyl-normorphine. The effect of mor- 
phine is markedly attenuated w'hen it is given 2 or 3 hours after the administra- 
tion of N-allyl-normorphine. 

Dogs into.xicated by morphine (5 mgm. per kgm.) were promptly aroused 
from their drow'siness by a subsequent in j ec tion of N-allyl-normorphine. Within 
15 minutes the manifestations of morphine intoxication vanished almost com- 
pletely and the dogs regained their normal behavior. 

Cats tolerated subcutaneous injections of 10 or 20 mgm. per kgm. of iV-allyl- 
normorphine "without showing significant changes in their behavior. Subcu- 
taneous injections of morphine (5 mgm. per kgm.) which otherwise produced 
27 
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restlessness, marked irritability, incoordination and extreme mydriasis, failed 
to produce any visible effects when given to the same animals 30 minutes after 
the administration of iV-allyl-normorphine. Also, the effects of morphine were 
promptly abolished by A’-allyl-normorphine given 30 to 60 minutes after the 
injection of morphine. The animals became quiet and eas 3 ' to handle; the 
dilatation of the pupils subsided within less than 15 minutes. 

Acute toxicity was determined in mice (total 400 animals) following subcu- 
taneous injection. A'-allyl-normorphine did not produce the characteristic 
manifestations of morphine poisoning in mice, such as restlessness and “S” 
shaped tails. The respiration gradually became labored and irregular and all 
animals receiving lethal doses died of respiratory failure. The heart was found 
beating after the respiration had ceased. Lethal doses caused deaths within 
15 to 90 minutes, 'whereas deaths following corresponding doses of morphine 
occurred within 45 minutes to 3 hours after the subcutaneous injection. In 

' TABLE 1 


Acute toxicity (L.D, 60 ) in mgm. per kgm. following suhcuiancoue injection 


iV-ALLYL NOXMOSPHINE 

KORPHINE SULTATE 

MOUP^INE sulfate FOLLOmXC PREMEDI* 
CATION ^VITH .V- ALLYL-NOIOIOKPHINE 

670 

660 

820 


TABLE 2 

Effect of N^allyl-normorphine on the mortality of mice injected subcutaneously with 800 mgm. 

per kgm. of morphine 


iy-ALLYL>NOUIOXFBINE DOSE 

number of 
ANIMALS 

MORTALITY 

None (control) 

50 

8S% 

2 X 150 mgm. per kgm. 15 min. and 45 min. after morphine 

25 

40% 

3 X 100 mgm. per kgm. 15 min., 45 min. and 105 min. after 



morphine. 

25 

28% 



mice, as demonstrated hy the comparison of the L.D. 50 of both substances in 
table 1, the toxicity of A’-allyl-normorphine w^as about the same as that of 
morphine. 

Administration of JV-allyl-normorphine made the animals more resistant to 
the toxic effects of morphine. This was demonstrated by the determination of 
the toxicity of morphine in mice w’hich received 250 mgm. per kgm. of A^-allji- 
normorphine prior to the injection of morphine. As showm in table 1, in animals 
treated with A^-alljd-normorphine, the L.D. 50 of morphine rose from C60 mgm. 
to 820 mgm. per kgm. 

The effectiveness of A^-allyl-normorphine in counteracting morphine poisoning 
was studied in mice w^hich had received lethal doses of morphine (table 2). A 
dose of 800 mgm. per kgm. of morphine was fatal to 88% of the mice, deaths 
occurring from 45 minutes to tw^o and one-half hours after the injection. In 
these animals restlessness and irritability were promptly suppressed hy A^'-allji- 
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normorphine and the animals remained quiet for a period of about one hour after 
which the symptoms of morphine poisoning again became evident. When rest- 
lessness reappeared, a subsequent injection of N-aUybnormorphine again pro- 
duced its antagonistic effect. Since the effect of iV-allyl-normorphine is of 
shorter duration than that of morphine it seemed advisable to administer N'-allyl- 
normorphine in divided doses at regular intervals in these experimenta. Whereas 
a single dose of dOO mgm. per kgm. of iV-allyl-normorphine did not significantly 
increase the incidence of survival in these mice, the repeated administration 
of iV-allyl-normorphine in doses of 100 and 150 mgm. per kgm. at intervals as 
indicated in table 2 caused a reduction in the mortality of moi-phinc from 88% 
to 40% and 28% respectively. 



Fio. 1. Effect of .V-Ai.t.tl-Normotiphine and of Morphine on the threshold for Pain 
Perception in Mice. Each Curve Represents the A^'EnAaE Response op 15 Mice 
‘ "yl-nonnorpMn« \ 

) mgm. per kgi ■ ■ ' • ' 

kgm.) At 1 ■ . 

Analgesic Effect. The analgesic effect of jV-allyl-normorphine was studied in 
mice by determining the threshold for pain perception in the abdominal skin 
following electrical shocks of known voltage. The substance was injected sub- 
cutaneously in doses ranging from 10 to 200 mgm. per kgm. to groups of 15 mice. 
No effect was noted folio \ring the injection of 10 mgm. per kgm. Doses of 50 
and 100 mgm. per kgm. raised the threshold for pain perception by about 20%, 
and this effect lasted for about one hour. No further decrease in pain perception 
was obtained by increasing the dose of W-allyl-normorphine to 200 mgm. per 
kgm. Under the same experimental conditions, morphine sulfate (6 and 10 
mgm. per kgm. respectively) raised the pain threshold by about 40 and 80% 
respectively. The analgesic effect of morphine lasted from 2 to 3 hours. The 
results summarized in Figure I clearly demonstrate that iV-allyl-normorphine 
is much less effective than morphine in raising the threshold for pain. 
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When morphine was given to mice which had received iV-allyl-normophine 20 
minutes before, no further increase in the analgesic effect was obtained (figure 1, 
Curve B at | ). When morphine was given first and the iY-allyl-normorphinc 
injected 40 minutes afterwards the analgesic effect of morphine was rapidly 
abolished and the threshold for pain perception reduced to the level obtained 
by A^-alljd-normorphine alone (figure 1, Curve B at j ). 

Circulation. In rabbits anesthetized uith urethane (1 gram per kgm. subcii* 
taneousl^O intravenous injection of A^-alljd-normoiphine was found to produce 
a transient depression of the blood pressure. A slight decrease was noticeable 
after the injection of 2 mgm. per kgm.; it became more pronounced (up to 40 
mm. Hg) following 5, 10 or 20 mgm. per kgm., respectivel 3 ^ The effect lasted 
for about 1 to 3 minutes, depending on the dose of A^-allyl-normorphine. Cor- 
responding doses of morphine were less effective in lowering the blood pressure. 



. TIME IN MINUTES 

Fig. 2. Effect of A^'-Allyl-Normorphine and of AIorphine upon the Respiration 

Rabbit 2.9 kgm. anesthetized with urethane (1 gram per kgm.). 

At M intravenous injection of morphine (2 mgm. per kgm.). At N intravenous injec- 
tion of N-allyl-normorphine (2 mgm. per kgm.). 

Respiration. In 12 experiments the respiratory^ rate of rabbits anesthetized 
vdth urethane and of non-anesthetized rabbits was not significantly influenced 
hy intravenous injections of 2 to 20 mgm. per kgm. of A^-allyl-normorphine, 
except for a slight transient acceleration concomitant with the fall in the blood 
pressure. Injections of 50 mgm. per kgm. caused death by respiratory failure. 

After the administration of W-allyl-nomiorphine, morphine failed to depress 
the respiration even when given intravenously in very large doses (20 mgm. per 
kgm.) in other exTieriments in which morphine, given before the animal received 
A^-allyl-normorphine, produced a marked depression of the respiration, the sub- 
sequent injection of A"-allyl-normophine immediately restored the respiratory’’ 
rate to the previous level. The prompt counter-effect of A^-allyd-normoiphine 
is illustrated in Figure 2 which also shows the inffcctiveness of morphine subse- 
quent to the administration of A^-allyd-normorphine. 
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Infiucncc upon the Effect of Apomorphine. The question whether Ar-allyl- 
normorphinc prevents the effects of apomorphine was studied in rabbits and 
dogs. Rabbits receiving 1 mgm. per kgm. of apomot-phine hydrochloride twenty 
minutes after the injection of 10 mgm. per kgm, of jV-allyl-normoi-phine became 
very excited and restless; the manifestatioas of apomoriihine intoxication in 
these animals were not influenced by the administration of iV-allj'l-normorphinc. 
Likewise no antagonistic effect was observed in dogs, for vomiting followed the 
injection of apomorphine regardless whether the animals had previously received 
10 mgm. per kgm. of A''-allyl-normorphine or not. 

SUMilARY 

A comparison of the effects obtained with A^-allyl-norraorphinc and with 
morphine shows that JV-allyl-normorphine is about as toxic, but much less 
effective than morphine in raising the threshold for pain in mice. In contrast 
to morphine small doses do not depress the respiration; verj' large doses, how- 
ever, cause arrest of the respiration, and all animals succumbing to jY-allyl- 
normorphinc die of respiratory failure, 

JV-allyl-normorphine prevents or abolishes the action of morphine. Pre- 
medication with this substance increases the resistance of mice to monihinc 
so that othersvise lethal doses are tolerated without untoward effects. Further- 
more, an injection of A^-allyl-normoiiJhinc prior to that of morphine prevents 
analgesia (mice), rcspiratoiy- depression (rabbits), and the general depressing 
(dogs) and stimulatory (cats) effects as well. 

If morphine is administered in the first place, a subsequent injection of A’'-allyl- 
normorphine abolishes its analgesic effect (mice) restores the depressed respira- 
tion to its previous level (rabbits) and abolishes its toxic manifestations in cats 
dogs. The redoeiioo is the moriehty of morphine poisoning in mice by 
JV-allyl-normorphine further demonstrates the effectiveness of this substance as 
an antidote against morphine. 

Since the site of action of morphine is generallj* assumed to be central, it 
would appear that JV-allyl-normorphine by virtue of its chemical relationship 
to morphine exerts its action upon the same centers as morphine rendering them 
less sensitive to morphine. This assumption would offer the most plausible 
explanation for the obseiv^ations reported. 
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A decrease in the oxygen consumption of E. coU in a synthetic medium was 
found by Hirsch (1) to be caused by high concentrations (LIO^^M) of sodium 
p-aminophenylarsonate (atoxyl), an effect which was antagonized bj’’ p-amino- 
benzoic acid (P AB). Such an antagonism -was suggested on theoretical grounds 
by Bell and Roblin (2), on the basis of the structural similarity between atoxj-l 
and FAB. The chemotherapeutic activity of certain trivalent arsenicals against 
staphylococci and som^ strains of jSfrcp, viridans has been investigated by 
Osgood (3, 4). In this investigation attention has been given to the possibility 
of a relationship between the mechanism of action of sulfonamides and arsenicals 
on micro-organisms. 

Experimental studies. Complete inhibition of visible growth of E. coli 
by atoxyl was obtained in the simple salt-glucose medium described hy Tsuchiya 
et al. (5). Tubes containing the test substances dissolved in the medium (5.0 
cc.) were inoculated Muth a 1 : 1000 dilution (0.1 cc.) of a 24 hour culture of E. colt 
in the same medium; the inoculum contained 50,000 to 100,000 organisms, as 
determined by dilution counts. The strain of E. colt was of fecal origin and had 
no previous contact with sulfonamides. The pH of the medium, after auto- 
claving, was 7.0 to 7.2 and was unaltered by the materials tested. Turbidity 
measurements were made in a Summerson-Klett photoelectric colorimeter (540 
filter) when the control tubes had just attained maximum turbidity (a reading 
of 90 to 120 on the log ^cale of the instrument). Color controls, containing no 
organisms, were read shnultaneously. The time at which maximum turbidity 
was reached varied somewhat from time to time, and according^ readings were 
not made at a constant time interval. 

Table 1 shows that atoxjd or sulfanilamide will produce complete inhibition of 
Ausible growth of E. colt and that this effect is antagonized completely by PAB. 
The PAB:atoxyl ratio ^Yas much smaller than that of PAB:sidf. PAB ac- 
celerated slightly the rate of growth of the organism but did not increase the 
maximum turbidit}’^ attained (table 2). A yellow to light brown color, which 
rendered accurate turbidimetric reading impossible, was consistentlj'’ produced in 
those tubes in which a higavy growth of bacteria had taken place in the presence 
of a concentration of atoxjd greater than the minimum required to inhibit growth 
and a concentration of PAB which completely neutralized the effect of the atoxyl. 
Turbidities in such tube§ could be compared only by visual obsen^ation, as indi- 
cated in table L iVRjthyl m-amino-p-hydroxybenzoate (DrthoformO^ 

1 Wintbrop Chemical Co, has applied its trademark ‘Orthoform* to methyl m-amino- 
p-hy droxybenz oatc . 
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TABLE 1 


Antagom$Tn of the bactcnostaUe actinty of atoiyl and of iulfantlamtde on C coU by 
p-aminobemotc actd in a taU'glucose medtum 


Dive 

PAB 

lEADINC* 

XATIO PAB DtVO 

0 

0 

119(4-h>t 


Atoxjl 2X10-«M 

0 

2 1 


Atoxyl 2X10'*M 

1X10'*M 

(4-h) 

1 2,000 

Atoxyl 2X10-<M 

IXlO-'M 

9 

1 20,000 

Atoxyl 1XI0-*M 

0 

3 


Atoxyl 1X10-*M 

ixir*M 

<4+) 

1 1,000 

Atoxyl IXIO^M 

1X10*‘M 

55 

1 10,000 

Atoxyl 5X10->M 

0 

2 6 


Atoxyl 6X10-*M 

IXlO^'M 

(4+) 

1 5,000 

Atoxyl 5X10~»M 

IXIO'^I 

2 

1 50,000 

Atoxyl 1X10-*M 

0 

0 


Atoxyl 1X10~’M 

IXlO-tM 

124 

1 10,000 

Atoxyl IXIO-^M 

1X10-*M 

53 

1 100,000 

Atoxyl exlO-^M 

0 

110 


Sulfanilamide 5X10~*M 

0 

3 


Sulfanilamide 5X10~'M 

1X10-‘M 

121 

1 50 

Sulfanilamide 5X lO^M 

ixiru^i 

04 

1 500 

Sulfanilamide 2 5X10~‘M 

0 

2S 


0 

0 

109 


Atoxyl lXI(r*M 

0 

9 


Atoxyl 1X10 »M 

SXIO”’ 

122 

1 2,000 

Atoxyl 1X10-»M 

ixir’ 

34 

1 10,000 

Atoxyl 1X10 *M 

5xicr-* 

43 

1 20,000 

Atoxyl IXIO^'M 

1X10'« 

9 

1 100,000 

Atoxjl 1X10 ‘M 

5X10-* 

3 

1 200,000 

Sulfanilamide 6X10~‘M 

0 ' 

0 


Sulfanilamide SXIO^M 

sxir^ 

114 

1 100 

Sulfanilamide SXIO^M 

1X10-’ 

50 

1 500 

Sulfanilamide SXlO^M 

5XI0-* 

16 

1 1,000 

Sulfanilamide 5X10^M 

1X10-* 

16 

1 5,000 

Bulfamlamidc 5X10'*1M 

5XI0-* 

^ i 

1 10,000 


• Direct readings from Jog scale of Summerson-Klelt photoelectric colorimeter 
t (4+) designates maximal turbidity as judged bj visual ob3er\ations 


celerated the gro\\th of 2J coh to approMmateh the same e\tent as did PAB, 
but the bactenostasis caused b> atoxjl and by sulfanilamide •v\as not antag- 
onised o-Ammobenzoic acid and benzoic acid hkcivise i>ere not antagonists 
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to atoxyl and sulfanilamide bacteriostasis. Procaine caused a complete reversal 
of bacteriostasis. INIethionine also reversed completely the bacteriostatic action 
of ato\yl and sulfanilamide (table 3). However, the marked accelerating effect 
of methionine on the rate of growth of this strain of E. coli in the medium used 
(table 2) rendered difficult an interpretation of the exact degree of tme 
antagonism. 

The relative bacteriostatic activity of various arsenicals and sulfonamides is 
shown in table 4. The ell-established importance of the free p-amino group to 
sulfonamide action seems to find its analogj’^ in the arsonic acids, since onl^’’ the 
p-amino compound amongst those tested, is bacteriostatic. The findings 


TABLE 2 

Accdcration of the growth rate of E, coli by PAB and by methionine in salt-glucose medium 


! 

TIME (hours) 

16) 

18 

i 

20 

21 

1 

Control 

31 

60 

72 

94 

108 

125 

PAB IXlO-^M 

35 

85 

107 

118 

1 130 

1 128 

Methionine 1X10"’^! ' 

87 

111 

124 

121 

i 130 

1 

i 132 


TABLE 3 


Anfa^onisrn of the bacteriostaUc action of atoxyl and sulfanilamide by methionine and by PAB 


1 

NO ANTAGONIST 

PAB 1 X 

METH 1 X 10"’M 

1 

Xo drug 

97 

108 

108 

Atoxyl 2X10-»M 

0 i 

26 

21 

IXIO-^M j 

15 

115 

119 

Sulfanilamide 1X10~^M 

2 

17 

i 31 

5X10-*M 

2 

84 

102 


strongly indicate a common mechanism for the bacteriostatic action of sulfon- 
amides and p-aminophenylarsonic acid. 

The tr 3 ^panocidal activity of atoxyl, although not demonstrable in a medium 
consisting of 1 part serum and 2 parts Locke's solution, is easily seen in a similar 
medium containing whole rat blood instead of serum (table 5). That this ac- 
tivity is due to, and takes place only after, reduction to the arsenoxide ( — ^As=0) 
form has been established (6). Table 5 shows that the tiy^panocidal activity, as 
measured by the method of Wright and Peters (7), is not altered b}’’ PAB. 
Similar results ^^ere recently reported by Sandground (8) in in vivo experiments. 
Acetarsone was found to be tiypanocidal in the same concentrations as atoxyl, 
with or without PAB. Trjparsamide has also been found to be trypanocidal in 
such a medium (6). Thus the trypanocidal activity of the phenylarsonic acids 
appears to be exerted through a different mechanism than their bacteriostatic 
action. 
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xVlthough ‘Alaphar^en’® as more bactenostatic for E coh than atoxj 1 (table 4) 
its arsonate analogue \\ as inacti\ e Its action m as not antagonized b> PAB, bj 
‘Orthoform ’ or bj methionine ‘Mapharsen’ w as also found to be highly bacten 
©static for L caset (0 3 mgm per 100 cc ) m the ver> adequate medium described 
b> Landv and Dicken (9), this effect being unaltered b} PAB and bj Ortho 

TABLE 1 


il/mtmuni conccnfra/ion« of tarjoti* sulfonamides and arsenieals preienting ttstblc grotrtk of 
E coll in salt glucose medium 



VIKUIUU BlCTtKIOSTATlC CONC 


Molar ty 

I Approximate d lut on 

Sodium p ami nophenyl arsonate (\toxyl) 
Sodium phenjl gljcmamide p arsonate 


1 

1 4 600 

(Trypars amide) 

Sodium m acctyUmino p hjdroxj phenyl 

Non bacteriostatic 

1 100 

arsonate (\cctarsone) 

Sodium in ammo p hjdroxj 

Non bacteriostatic 

1 100 

phenylarsonate* 

m Amino p hjdroxjphcnylarsenoxidc 

Non bacteriostatic 

1 500 

( Mapharsen ) 

1X10 

1 38 700 

Sulfanilamide 

5Xl(r*M 

1 120 000 

Sulfadiazine 

5XI0-^I 

1 8 000 000 

m Ammo p hjdroxjbenzencsulfonamidc 

ixicr-ni 

1 550 

m Nitro p hjdroxjbenzenesulfonamide | 

2 sxicr-^M 

1 IS 400 


TABLE 5 


Jlftnimimconccnirahono/ atoxylandof'mapharsen which when incubated icith Trypanosoma 
equiperdum for 18 lours at S7®C in a blood Locke s solution medium renders 
the organisms non infecltie for young rats 


ATOXYL 

1 UAPBAtSEK 

Alone 1 

In the p esence ot 
PAB (2 mgm pet 
lOOec ) 

Alone 

In the p esence of 
orthoform (2 mgm 
per 100 cc ) 

In the presence of 
PAB (2 mgm per 

100 cc ) 

1 0 Oo m* 

1 0 05 m 

1 5m 

1 10 m 


1 0 05 m 1 

1 0 05 m 

j 1 10 m 

1 5ra 

1 5m 

1 0 05 m 

1 0 Oa m 

15m 

1 5m 1 



* m = millions 


form * Snell and IMitchell (10) found this organism to be very resistant to the 
effect of sulfonamides in a similar medium the bacteriostatic action of high 
concentrations being readilj re\ei-sed by PAB These findings indicate that 
‘Marphar^^en and the sulfonamides ha\ e quite different points of attack 

* The m ammo p phdroxj benzoic acid used m this test was generously supplied b> Dr 
G W Raiziss 

» Parke Davis and Co has applied its trademark ‘Mapharsen' to m ammo p h5droxy 
phenylarsenoxide 
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This difference is further demonstrated by comparing the action of ‘Maphar- 
sen’ and sulfonamides on tiy^panosomes. ‘^Slapharsen’ is highlj" ti^^panocidal 
(table 5), and its trypanocidal activity is not significantly altered by PAB or 
’Orthoform.’ Sulfanilamide is not tiy^panocidal in vivo (11) and we have been 
unable to influence the course of Trypanosoma equipcrdum infection in rats and 
mice with a highly active, slowly excreted sulfonamide, sulfamerazine (5-sulf- 
anilamido'^-niethylpyrimidme) (12). This was true even when concentrations 
of 30 mgm. of sulfamerazine per 100 cc. of blood were present at the time of 
infection and were maintained until the death of the animals. Furthermore, the 
well-established, favorable effect of the introduction of the m-amino-p-hydroxy 
groupings on the trj^panocidal and spirocheticidal action of phenylarsenoxide does 
not apply to sulfonamides since we have found m-araino-p-hydrox>'benzene- 
sulfonamide, as well as its nitro analogue, to be non-trj'panocidal in vitro; this is 
also the case in vivo^ when the drugs are fed at a level of 0.5 per cent in the diet. 
7n-Amino-p-hydroxj"benzenesulfonamide is practically non-bacteriostatic (table 
4), while the nitro analogue is somewhat more active, but both are unaffected by 
PAB or by ’Orthoform.’ 


STJM^LARY 

The mode of action of sodium p-aminophenylarsonate (atoxjd) on E, cdli 
appears to be similar to that of sulfonamides, since the same mechanisms of 
antagonism appear to be involved. 

The bacteriostatic and trypanocidal activities of 7n'aminO'p-h3"droxyphenyI- 
arsenoxide, ’Mapharsen/ apparentlj" are exerted through a different mechanism 
than that which is involved in the bacteriostatic action of sulfonamides. 

AcknovcledgmenU. I vash to express ray appreciation to Miss Helen Morrison 
for %’aluable technical assistance and to Dr. W. F. Vemw and Mr. R. J. Strauin- 
ski for their cooperation and ad\ace. 
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In preMOU^U reported e\penmcnts (1-4) \\q ha^e shoun that ra'w liver, 
choline, certain choline cster& and ethers and ceitain \nsodilator drugs are ca 
pable of depressing e\pcnmcntal polycjthcmia in dogs and rabbits The 
methods used for inducing pohc\thomia included daih exposure of animaL to 
Ion atmospheric pressure, daiU physical exercise, administration of cobaltous 
chloride, ephednne or benzednne The depression of poljcjthemia is appai 
entlj unaccompanied b\ am dilutionof the blood, and it occurs in splenectomized 
as well as in normal animals The depressant drugs probablj act bj producing 
1 asodilation and thcrebj increasing the blood and oxj gen supply to red bone 
marrow M e ha\ e performed the reverse expenment of inducing polj c> themia 
b\ the continued daiK administration of xasoconstrictor drugs (ephednne, 
epinephrine and posterior pitiutar} ) to dogs and rabbits (5-0) 

Theoietical consideiations would indicate that if our concept of the media 
nism of polvcj themia depression is correct, we should be able to depress pol^ 
c\ thcmia b> increasing the o\j gen content of the artenal blood The m\ estiga 
tion herein reported shows the results of the administration (In inhalation) of an 
atmosphere of pure oxj gen to polj cj themic dogs for one hour daily \\ e also 
report the results of the dailj administration of soybean lecithin, carbaminovl 
choline and furfurjl tnmethjl ammomum iodide to polycythemic dogs 

pROCEDCRC Expermental polycythemia produced m three dogs by the daily 
subcutaneous administration of five units of solution of posterior pituitary or pitressm 
and in two dogs bj the dailj oral administration of three mgm per hgm of cobalt as the 
chloride salt Tuo of the dogs had been splencctomized 6 montlw pnor to the commence 
ment of these experiments All animals n ere maintained on a constant adequate diet and 
were allowed water ad libitum 

After the establishment of polycythemia which required two or three weeks 3 dogs 
rcceiimg pitmtnn and 2 dogs receiving cobalt were given commcrical soybeam lecithin* 
in a daily oral dose of 3 grams 

Subsequently carbaminoyl choline chloride* was administered subcutaneously to 4 
polycythemic dogs in a total duly dose of 0 1 mgm Furmethide (furfurvl trimethyl 


‘Research paper No 535 journal series University of Arkansas 

* Commercial Soybean lecithin was generously supplied by the American Lecithin Co 
Elmhurst L 2 N "i 

* Carbarayl choline chloride (Doryl) was provided by Merck and Co of Rahway N J 
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amraonmm jodidc)* v,sl^ administered to 3 dogs \sith pituitrin-induced pohc>themn m a 
daily subcutaneous dose of 5 mgm (about 0 5 mgm per Vgm ). 

Pure oxygen was administered for one hour daily to 3 dogs haMng pituitnn-induccd 
polycythemia The animals breathed the oxygen in a closed system consisting of a tight 
nosepiece connected with a Sanborn basal metabolism apparatus The expired carbon 
dioxide was absorbed by soda hme, while the consumed oxygen was repheed by a steady 
flow of the pure gas into the metabolism machine 


HBC 

niLUOK 

7- 


6 - 


5 - 


4 - 



SOY BEAM 


'TOXYftEtt t t-EClTHlM 

1 i. I . i 1 i ^ 

DAY60 5 10 as 0 5 30 15 

Fig. 1 Fig. 2 


Fig, 1 (left) Dephession of Pituitrin-Inpuced Polio themix ijy 3 Dogs, sr the 
Inhalation of 100% Onigln for One Hour Daili 
Dashed lines indicate oxy'gen admimstration Figures at start of each line indicate the 
degree of polycythemia for each animal in terms of percentage increase of erythrocyte 
count above normal Spl ~ splenectomized dog 

Fig, 2 (right). Effect of Daily Oral Admivistrxtion of 3 Grams of Soibexn Lecithin 
ON Experimental Policithemia 

P P — dog receiving posterior pituitary injections, C == cobalt fed dog 


Blood samples were drawn from the externa! saphenous veins of the dogs w hde they’^ were 
blindfolded and in a quite, unexcited state, at least 18 hours after tiny previous experimental 
procedure or medication Red cell counts and hemoglobin percentages (Hclhge) were 
determined at frequent intervals throughout the experiments, w hile total leukocyte counts 
were made occasionally 

Results, The administration by inhalation of pure oxygen to 3 poly cydhemic 
dogs for one hour daily* caused prompt reductions of their erythrocyte counts 
(figure 1) and hemoglobin percentages, m spite of continued daily injections of 
pituitiin or pitressin The depression of the polycythemia persisted for the 5 
or 6 days dunng which 100% oxygen was administered, and ces'^ation of oxygen 
administration was followed in 3 or 4 days by a return of the polycythemia 

*Furmethide was supplied by the Smith, Kline, and French Laboratories, Phila- 
delphia, Pa. 
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Total Icukoc>te counts remained fairlj constant throughout the e'qjcnment 
One of the animals had been splcnoctomizcd six months prior to this investigation 
Figure 2 show’s the results of the dail> oral administration of 3 grams of soy 
bean lecithin to 2 dogs haMng cobalt poljcythemia and 3 dogs with pituitnn 
mduced poljcjthemia It will be noted that this procedure caused gradual 
reductions in the red cell counts of all 5 dogs, which persisted throughout the 
period of lecithin feeding in spite of continued hemopoietic stimulation by cobalt 
or pituitnn Hemoglobin percentages (not showm) vaned proper tionatelj with 
the cr>throcjte counts, but Icukocjtc counts showed no uniform change and 
remained fairly constant Upon cessation of lecithin administration, polj 


HBO 



Fio 3 Dzpncssios of PoLTcrTHEiiiA by CARBAtuvort. Choline Chloride 
Dashed lines indicate time during ^hich drug was administered Figures at left of 
each line slioi\ degree of polycythemia for each animal as per cent increase of erj throcytes 
o\ or normal 

F P = posterior pituitary injected dogs C = cobalt fed dog Spl = splencctomized dog 

cjthemia returned to all dogs withm about 4 days Two of the dogs used in 
this experiment had been splencctomized previously 
The subcutaneous administration of a total daih dose of 0 1 mgra of car 
bammojl chohne chloride to 3 dogs with pituitnn induced poly c\’themia and 
one cobalt fed dog produced significant depressions in their red cell counts 
(figure 3) and hemoglobin percentages w ithin 4 day s Upon cessation of Doryl 

injections the ery throcy te numbers of these animals gradually returned to their 
polycythemic levels Leukocyte counts remained fairly constant throughout 
these procedures Two of the dogs had been previously splencctomized 
One splenectomized and two normal dogs having pituitnn mduced poly 
cythemia were given daily subcutaneous injections of furmethide (furfuryl tri 
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ammonium iodide)^ was administered to 3 dogs with pituitrin-induced polycythemia in a 
dailj’ subcutaneous dose of 5 mgm. (about 0.5 mgm. per kgm,). 

Pure oxygen was administered for one hour daily to 3 dogs having pituitrin-induced 
polycythemia. The animals breathed the oxygen in a closed sj'stem consisting of a tight 
nosepiecc connected with a Sanborn basal metabolism apparatus. The expired carbon 
dioxide was absorbed by soda lime, while the consumed oxygen was replaced by a steady 
flow of the pure gas into the metabolism machine. 

•RBC 



Fig. 1 Fig. 2 

Fig. 1 (left). Depuession of Pituitiun-Induced Polycythemia in 3 Dogs, by the 
Inhal.^tion of 100% Oxygen for One Hour Daily 

Dashed lines indicate oxj^gen administration. Figures at start of each line indicate the 
degree of polj'cj'themia for each animal in terms of percentage increase of erythrocyte 
count above normal. Spl. = splcnectomizcd dog. 

Fig. 2 (right). Effect of Daily Oral Administration of 3 Gratis of Soybe.xn Lecithin 
on Experimental Polycythemia 

P.P. — dog receiving posterior pituitary injections; C = cobalt fed dog. 

Blood samples were drawn from the external saphenous veins of the dogs while they were 
blindfolded and in a quite, unexcited state, at least IS hours after any previous experimental 
procedure or medication. Red cell counts and hemoglobin percentages (Hcllige) were 
determined at frequent intervals throughout the experiments, while total leukocyte counts 
were made occasionally. 

Results. The administration by inhalation of pure oxygen to 3 polycythemic 
dogs for one hour daily caused prompt reductions of their erythrocyte counts 
(figure 1) and hemoglobin percentages, in spite of continued daily injections of 
pituitrin or pitressin. The depression of the polycythemia persisted for the 5 
or C days during which 100% oxygen was administered, and cessation of oxygen 
administration was followed in 3 or 4 days by a return of the polycythemia. 

♦Furmethide was supplied by the Smith, Kline, and French Laboratories, Phila- 
delphia, Pa. 
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Commercial soybean lecithin, which reduced polycythemia in our experiments 
(figure 2), probably did so by virtue of its choline content which is reported to 
be about 3% (8) presumably in an available form. We liave previously reported 
that purified egg lecithin in a daily oral dose of 1 gram is without effect on experi- 
mental polycythemia (3). 

It is not surprising that carbamyl choline chloride depressed polycythemia in 
our dogs, since we have shown previously (3, 4) that choline and acetyl beta- 
methyl choline, which also produce vasodilation, are effective against poly- 
cythemia. 

Furfuryl trimethyl ammonium iodide was found by Fellows and Livingston (9) 
to exert parasympathomimetic actions, some of which are blocked by atropine. 
Since it \vas shown to produce vasodilation, we tried it on our polycythemic dogs 
and found that it was capable of reducing their red cell counts (figure 4). 

It should be emphasized that total leukocyte counts showed no constant change 
either during the production or depression of polycythemia, and that splenec- 
tomized dogs responded in exactly the same manner as normal dogs. 

CONCLUSIONS 

Exposure for one hour daily to an atmosphere of 100% oxygen caused signifi- 
cant reductions in the basal erythrocyte numbers of 3 dogs irith pituitrin- 
induced polycythemia in spite of continued daily injections of pituitrin. One 
of the animals had been splenfectomized long before this experiment. 

The daily oral administration of 3 grams of soybean lecithin to 5 polycythemic 
dogs caused significant reductions in their erj'throcyte counts, with no appreciable 
change in leukocyte counts, in spite of continuation of hemopoietic stimulating 
measures. 

Carbamyl choline chloride, in a daily subcutaneous dose of 0.1 mgm., depressed 
experimental polycythemia in 2 splenectomized and 2 normal dogs in spite of 
continued daily procedures used to produce the polycythemia (i.e., cobalt or 
pituitrin administration). 

Furfuiyd trimethyl ammonium iodide likewise depressed “pituitrin poly- 
cythemia.” 

These experimental results indicate that the agents used to depress poly- 
cythemia probably act by increasing the oxygen supply to the red bone raaiTOiv, 
thereby diminishing the local hj'poxia 'which is probably the stimulus to the 
development of polycj'themia. 
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^lethods of producing compulsions b}'' passing electrical currents through the 
brain in unoperated animals have been described by Spiegel (1) and Putnam 
and ]Merritt (2) among others, and have become important procedures in treat- 
ing certain psychiatric conditions as a “shock” therapy. Spiegel observed that 
chloral and phenobarbital raised the threshold, and !Merritt and Putnam (3) 
reported on a considerable series of compounds which, however, were for the 
most part tested at onb'' a single dosage level. It appeared important to in- 
vestigate some of the factors controlling the reactivity of the brain to this type 
of stimulus, and particularly whether the excitability could be modified by drugs. 
It is often assumed that the convulsive threshold is governed by the excitability 
of the cerebral cortex, although this does not seem to be clearly proven. Origi- 
nally we intended to use this method for further analysis of the centrall}’’ acting 
amines, but eventually included representative groups of drugs, determining the 
relationship of dosage to effect over considerable ranges of tolerated doses. 
This report presents the results obtained. 

Methods. Unanesthetised rabbits were used throughout, the same animals being used 
repeatedly at intervals of from 4 days to 2 weeks. However, if any animal became erratic 
in response, lost weight, or showed other evidence of ill health, it was replaced by a fresh 
one. In general 7 rabbits were used in a test group, a smaller number being used only for 
special purposes, or in case of depletion by death or intercurrent infection. 

After many tests with various methods, the following standard procedure was adopted. 
There was put in the mouth of the rabbit a metal bit made from an iron nail, soldered near 
the ends of which were circular metal discs so it could not slip out the side of the mouth. 
The hair between the ears was clipped short and a rubber sponge electrode wet with salt 
solution was applied to the skin between the ears and held in place by a metal plate placed 
over it. This plate was 20 mm. in diameter and had two tabs turned upwards at the edges. 
The two electrodes were held firmly in place by rubber bands on each side snapped over the 
tabs and the bit, and including the ears. This kept the electrode from being moved out 
of position, by struggling or deliberate attempts at removal by the animal. 

A special stimulator was built with high fixed resistance on the output side to make 
ncgli^ble any fluctuations in current flow because of variations in skin resistance. Resist- 
ance of the tissues of the rabbit, under the conditions, fluctuated between 100 and 600 ohms. 
By putting 10,000 ohms in the output circuit the relatively small variations from the tissues 
had negligible effects on the current flow. 


1 Supported, in part, by Grant j^^437 from the Therapeutic Research Committee of the 
Council on Pliarmacy and Chemistry of the American Medical Association, and by the 
RockefeUer Fluid Research Fund of Stanford Medical School. 
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As a stimulating current the 110 volt CO cycle current of the laboratory was used This 
has a sine wave form As is depicted dingrammaticallj m figure 1, this current was fed 
through a snap switch into a continuously variable auto transformer, for varying the 
\oltagc The output of this w as fed into a fixed radio transformer giving a voltage step up 
of 1 to 10 From this the current passed through one of a pair of a c railUimmeters with 
6 inch scales from w Inch the current flow u as read The current then passed through the 
fixed resistors to flexible wire leads which attached to the two electrodes by alligator clamps 
The test procedure was to put the electrodes on each of a group of rabbits and to deter 
mine the amount of current flow required to produce epileptiform convulsions The trana 
former was set to give the voltage required for the desired milhamperes of current and the 
stimulus applied for cxactlj 15 seconds At currents below the true threshold the flow 
through the motor cortex caused muscular moxements which were readily distinguished 
from the epileptiform convulsions The former w ere tonic synchronous with the current 
and did not spread They started and stopped exactlj with the current flow The true 
epileptiform convulsions sometimes began while the current was still on but often did not 
develop for as long as 2 minutes after it had stopped Thc^^e were clonic, radiating in 
distribution, were accompanied by postural eccentricities and left the animal depressed, 
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ataxic, or even apparently mentally confused so that they would fall off a table or bump 
into objects in hopping These convulsions did not stop when the current was switched 
off There was always cyanosis from interference with respiration and asphyxia un 
doubtedly contributed to the terminal seizures 

The 15 second duration of stimulation was long enough to be practically infinite in com 
parison to the chronaxie If a short time interval had been used, such as the 01 to 0 5 
second in human shock therapj , the duration of the stimulus might have affected threshold 
mtensitj , particularly when the reactivity of the brain had been modified by drug action 
liOnger stimuli than this were found to be somewhat depressant and, through fatigue, 
tended to produce abnormally high thresholds With shorter time intervals the results 
were more irregular, and there was greater difficulty in controlling accuratclj the current 
flow and duration 

The procedure of a determination was first to teat each rabbit of a group with a current 
about 4 ma below the expected convulsive threshold After a 6 minute interval, the entire 
group was tested again with a current 2 ma higher This w as continued with successively 
greater current flows until the current required to cause the characteristic convulsions of 
each rabbit had been determined IVhen the required end point for an animal pi as reached, 
It was no longer stimulated that day At least 5 minutes of rest intervened between sue 
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ccssivc stimulations in any animal, since stimulation at shorter inten^als raised the thresh- 
old through fatigue. 

Each animal of a group was measured first without medication about 10 times during 
several weeks, until the threshold values were regular without progressive shift in .value. 
The individual figures only infrequently deviated widely from the average value for that 
rabbit, the extreme control thresholds observ’ed in any determination being IG and 30 ma. 
The average control threshold for the entire group w’as 21.0 ma. w*hich varied for individual 
rabbits between an average of 17.9 and 25.6 ma. These mean thresholds had an average 
standard error of 0.73 ma. or about 3.5 per cent of the threshold value. The variability of 
the values was not reduced by expressing the changes as percentages of the controls, so the 
simpler absolute values were used for the calculations throughout. After the control 
thresholds had been satisfactorily' established the drug was administered and the threshold 
values rc-detcrmined at a time to coincide wdth its peak of action. Several days later the 
same group of animals were tested again without medication as another control and check 
on the disappearance of the drug-action. The mean threshold value for all the control 
runs on a given animal was subtracted from that obtained under the influence of the drug 
to give the change in threshold observ'cd. These changes from the individual animals were 
averaged and the standard error of the mean calculated. According to the “t" distribu- 
tion, the change should be 2.8 times its standard error for 95 per cent reliability for 5 ani- 
mals, 2.6 times for 6 animals, and 2.4 times for 7 (4). The doses were doubled successively 
in subsequent tests until cither the maximal tolerated dose was approached as judged by 
symptoms, or some deaths W’ere caused. If the first dose caused a definite change, low’er 
doses were also tested by successively hahnng the previous dose until ineffective levels were 
reached. All the doses were given per kilogram of body weight, and are so expressed in 
this paper. 

The mass of data accumulated has been condensed in tables 1 to 5 for sake 
of bre^dty to give only the salient points. The drugs used have been grouped 
according to predominant physiological actions, and the results are discussed 
briefly. 

Barhiiah and related compounds. In table 1 are summarized the data on 
three barbitals, two hy^’dantoins, and propazone. It can be seen that these 
compounds all raised the contiilsive thresholds to a very” considerable degree. 
If corresponding doses of the barbitals are compared, it 'will be seen that there 
was remarkably little difference between them. Dilantin failed to show the 
great decrease in excitability ascribed to it by Merritt and Putnam (3) at a 
low dosage, although it had clear-cut effects in higher doses. Since these in- 
vestigators used cats, this minor discrepancy may arise from delay^ed or in- 
complete gastric absorption in rabbits used hy us, or there may be other species 
differences. Another hydantoin derivative- was similar in potency to dilantin 
and required approximately the same range of dosage. Chemically', propazone 
is an oxazolidinedione 'with narcotic and hy'pnotic properties (5). This com- 
pound also raised the con^nilsive threshold, but not to a degree comparable 
to the barbitals, even after the highest doses. 

The results with this group of products are quite consistent in demonstrating 
a decrease in the excitability of the brain which, for most of them, depends 
on the size of the dose administered. The choice between them for antagonizing 
epileptic attacks would depend, in part at least, on the nature and e.xtent of 

'Prepared by the Sandoz Chemical Works, Inc. 
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(heir Bide effects, such as hjiinosis, tissue changes, etc , especially after continued 
administration 

Other central depressants The results wth a miscellaneous group of other 
central depressants are summarized in table 2 


TABLE 1 

Effects of harbitaU and related compounds on thresholds 


MCO 
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5 
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5 

+3 56 
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Sodium bromide raised the threshold to onlj a moderate degree, considermg 
the large smgle doses administered Since this compound does not develop 
Its full effects rapidly, it is quite probable that more pronounced actions could 
be demonstrated from smaller doses given lepcatedlj for seieral dajs Chloral 
hydrate had little effect, m sedative or hypnotic do'^es, and it uas only ivhen a 
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dose almost sufficient to produce complete anesthesia was administered that the 
threshold was significantly increased. This is in accord with the general undcr- 


TABLE 2 


Ejjccts of depressant drugs on conuuhire threshold 
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Alorphinc sulfate 

10 mgm 

14 
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15 mgm 

13 
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+0 5S 


to 4 hrs. before 


Standing of chloral action, that it is not specifically a depressant for the cortex, 
but acts more generally Alcohol depressed to a verj' marked degree, even 0.5 
cc. per kilo, ha^dng a slight effect, whereas 4 cc., which caused considerable 
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depression and ata\ia, raised the threshold 16 ma , which was the greatest 
a\eragc depression observed Prop>lene glycol, ^\hlch acts Ithe alcohol in 
several respects, ^as much le'?s effective on the brain Paraldehyde raised 
the con\ulsi\e threshold like alcohol and propylene glycol, but was many times 
more powerful, considering the smaller doses required Avertin with amylene 
hjdrate (tnbroraoethanol) also produced a marked depression which was 
considerably greater than correspondmg doses of alcohol, thus testifying to the 
increase in potency resulting from introduction of the broramc mto the alcohol 
molecule 

In a somewhat special group were the coal tar analgesics acetylsalicyhc acid, 
acetophcnetidm and acetanilid It was hoped that a depression might be 
demonstrated which would help to cxplam their known sedative and analgesic 
actions Whth acetylsalicyhc acid no change was produced with any dose 
With acetophenctidm and acetanilid depression was demonstrable, but the 
doses required were so high compared to those clinically effective, that there 
can be httJe doubt that the therapeutically useful action does not depend on 
the tyqjc of change measured here 

The two large doses of morplune tried also failed to demonstrate a change 
m the excitability of the brain Inasmuch as morphine exerts a umque com 
bmation of stimulation and depression throughout the central nen ous system, 
the distribution of action, whether excitatory or depressant, seems sharply and 
specifically localized In spite of apathy and considerable ataxia m these 
rabbits, that part of their cerebrum responsive to the convulsion stimulus was 
apparently not affected 

Analeptic drugs Analeptic drugs are generally used for their power to aug- 
ment the reactivuty of the central nerv ous system to reflex stimuli, or to enliance 
the activnty of vital centers, such as the respiratory and vasomotor In addition, 
some are used to lighten anesthesia and hasten the restoration of consciousness 
post-operativ cly For the latter purpose an improv ement m cerebral reactivity 
would seem to be almost mdispensable 

Howevei, the data m table 3 show that, at least m unancsthetised rabbits, 
strychnme, metrazol, coramme and caffeine had an exceedmgly slight and 
irregular action, particularly when the high doses used are taken into account 
For the area of the bram respondmg to the electrical stimulation used, there 
was no consistent lowenng of the threshold of sufficient magmtude to be of 
practical significance In all probabihty some change could have been demon- 
strated if the drugs had been apphed locally to special cortical areas, thus 
avoiding effects on the remamder of the central nervous system, which here 
limited the tolerated dosage 

Picrotoxin differed from the other analeptics, smee it caused a decrease 
m the threshold in the lowest doses tned and this effect was progressive until 
the convulsive level was reached The 5 ma lowenng of the threshold with 
10 TOgm of picrotoxm was the greatest increase in sensitivity observed in 
all the acute experiments Only thyroxine surpassed it, and then only after 
repeated doses (table 5) 
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Syrrvpaihomxmetic amines Because of the great interest in certain sympatbo 
numetic amines os central excitants (6), their effects on the convulsive threshold 
was studied m some detail, to obtam mformation which might shed light on the 
mechanism of their excitation 

In table 4 are summanzed the effects on the thresholds of benzednne and 
ephednne and their isomers, and propadnne, tyraimne, parednne, neosyneph 
nne, epmephnne and cobefnne These were selected from the large list of 
available compounds, either because of important central effects or of thera- 
peutic importance and usage 

We have prcviouslj shown in white rats that the dosage threshold for excita 
tion of the central nervous sjstcm by benzednne is of the general order of 0 1 
mgm per kilo (6) In rabbits, 0 6 mgm of dl benzednne raised the threshold 
bj 1 3 ma The changes, however, were not progressive with the dose, except 
at the 6 mgm level, where an mcrease of 3 1 ma was observed d Benzednne 
was possibly more depressant than the racemic mixture, although notmorethan 
was to be anticipated from the d content of the mixture On the other hand, 
1 benzednne produced no consistent change in the convulsive threshold, which 
agreed with the previously demonstrated fact that the d isomer is the one which 
IS mamlj responsible for the central excitant effects of this compound 
These results make it fairly clear that the restless, forced movements of 
benzednne action are accompamed by depression of the bram, rather than 
excitation, at least accordmg to the methods used here It would appear as 
though the purposeless mov ements were the result of the loss of cortical mhibi 
tion and modulation of subcortical motor dm es There may be more than a 
fortuitous ro‘=emblance to the actions of cocame m the benzednne response 
Increase of the threshold after benzednne was not observed by Memtt and 
Putnam (3) m a cat receiv mg a dose of 5 per kilo subcutaneously, but 
perhaps the u‘?e of a larger number of animals and a range of dosages would 
reveal similar effects m this species also 
Ephednne is considerably weaker than benzednne in producing motor ex 
citement and other central effects In rabbits, neither the d or Z isomer pro 
duced anj change in the electneal excitability, unless the small depression from 
123 mgm per kilo of the I form be so regarded Propadrme is generally 
considered to be almost completely lacking m central excitant effects Yel^ in 
rabbits, it produced a clear cut depression equal m magmtude to that of d- 
benzednne m the same doses This result poses the question whether the 
changes m cerebral excitabiUty, bj the method used, have any causal relation- 
ship to the general excitant effects of these compounds in the central nervous 
system or whether thev are merely comcidental 
TjTamme cau'^ed practically no demonstrable changes m the thresholds after 
the three doses tned Paredrme raised the threshold significantly, m 2 and 4 
mgm doses but failed to do so m higher doses The changes were too large 
to be accidental, which makes it difficult to understand whj the higher doses 
failed With neosynephnne, epmephnne and cobefnne the results were ir- 
regular It IS possible that these compounds produced simultaneous effects 
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on tlie cerebral circulation \titli changes m blood flo^ ubicb modified any direct 
or intrinsic cortical changes Tins phase of the problem -uould appear to be 
worthj of mvestigation, ns the results might be of aaluc m the bettor under 
standing of epilepsy and related conditions 
Thyroxine A charactenstic feature of thyroid o\eractiMty is the motor 
restle‘«sness, similar to that of ^ anous other excitant drugs Since thyroid effects 
develop slowly, and persist for w cehs, it was not feasible to use the same procedure 
as with the otlicr drugs m testmg the effects of different dosage levels There 

TABLE 6 


Ejects 0/ daily admtmslralton 0/ Ikyxoxin on comulstic (?ircs?ioI<i 3 The doses arc gtten tn 
mgm per kilogram body ueighl injected aubcutaneottsly each day 
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137-142 

11 

ThjToxm 0 25 mgm 



4 rabbits died 

143 

7 

Thj roxm 0 25 mgm 

17 1 

:t0 96 


144-149 

7 

Thjroxm 0 125 mgm 




150 

7 

Thj roxin 0 12o mgra 

15 7 ! 

dbl 20 1 

2 rabbits died 

151 157 

6 

Thyroxm 0 0G3 mgm 



3 rabbits died 

158 

2 

Th>roxm 0 063 mgm 

j 16 0 

±1 00 



fore, m a group of 11 rabbits the electrical convulsive thresholds were deter 
mined repeatedly until constant \ alues were obtamed These arc summarized 
in table 5 where it is seen that the average threshold, without medication, 
was 23 1 ± 0 45 ma 

On the ISlst day, mjections of thyroxme were begun using a dose of 0 5 mgm 
per kilo daily On the 136th day, the animals had lost considerable w eight and 
the electrical excitabihtj dropped to an average of 18 8 ma The dosage was 
reduced to 0 25 mgm and contmued until the 143rd day Dunng this interval 
4 of the 11 rabbits died, but the survivors had a still lower threshold, 1 c , 17 1 
ma The dosage was again halved to 0 125 mgm per kilo daily with the result 
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that the remarkably low average threshold of 15.T ma. was observed on the 
150th day. Five of the 7 sur\dving rabbits died on thi$ and subsequent days, 
so that with the next lower dose of 0.063 mgm., used until the 15Sth day, there 
were only 2 rabbits to be tested, and their average threshold was 16.0 ma. 

It was not possible from this series of observations to draw' conclusions re- 
garding the degree of change produced by any ^ven level of thyroxine intake, 
but there w'as no doubt that thyroxine lowered the cerebral threshold markedly. 
TIic degree of change exhibited w'as much greater than that with any of the 
analeptic drugs. With the brain so highly reactive after thyroxine, it is not 
surprising that there should be impairment of poise and inadequate neuro- 
muscular relaxation and control in clinical hyperthyroidism, assuming the 
latter to be etiologically comparable with the administration of thjnroxine. 

Discussion. This study w'as primarily undertaken in the hope of discovering 
a change in electrical excitability of the brain w^hich might shed further light on 
the central excitant effects of the S3unpathomimetic amines. Cerebral depres- 
sants and analeptics were included to afford a standard of reference for any 
changes produced by the amines. The results show' that, in general, the de- 
pressant drugs raise the convulsive thresholds, as might be expected, but that the, 
analeptic or excitant agents do not have a uniform tjqie of action. Onl3' picro- 
toxin showed consistently low'ered thresholds. Of course the other agents may 
cause such great excitation of the subcortical areas that this prevented using 
doses w'hich might significantly alter the functions of the cortex. 

How'cver, the sympathomimetic amines generally tended to raise the con- 
vulsive thresholds rather than to lower them, a finding similar to that wath 
cocaine. It w'as suggested that their excitant efifects might therefore be the 
result of release of subcortical levels from cortical inhibition rather than a direct 
excitation of the cortex. How’ever, even this hyq)othesis might be difficult 
to sustain in view of the clear-cut depression of the excitability' from propadrine, 
a compound which is generally considered to be practically^^ free from central 
excitant effects. Obviously' more extensive studies, as by ablation of specific 
cortical and other areas, are needed before final conclusions may be drawm 
as to the significance of these changes for the analeptic effects of these amines. 

The demonstration of a striking increase in the excitability' of the cerebrum 
under the influence of thy'roxine fits in with the excitatory symiptoms of clinical 
hyperthyToiclism, and to that extent suggests a possible explanation of the general 
excitation in this condition. 

SUMM.\RY AND CONCLUSIONS 

' 1. An electrical device is described for measuring the commisive threshold 
of unancsthetised rabbits, using a high resistance stimulator and 60 cycle alter- 
nating current. At the threshold current flow, an epileptiform convulsion is 
produced, W’hich can be readily distinguished from the effects of faradizing the 
motor cortex. The minimal current required to produce this specific type of 
convulsion is approximately 20 ma. flow' for 15 seconds, and is reproducible 
within about 1 ma., w'hen determined repeatedly at inter\'als of several days. 
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2 Barbital compounds, dilantin, S methyl 6-6 phenjl-cthyl hydantom, and 
propazone laiscd the convulsi\e thresholds generally proportional to the dose 
The barbitals showed surpnsingly little difTerence in potency for equnalent 
doses Propazone appeared to be the weakest of this group 

3 Marked degrees of depression of excitabilitj were produced by the hypnotic 
or anesthetic group of drugs, namelj, bromide, chloral, alcohol, propjlenc 
glycol, paraldehjdc and avertin Anth amjlene hydrate (tnbromoethanol) 

4 Of the coal tar an tip j reties, acetyl*alicjhc acid did not change the commlsne 
threshold, whereas acetophcnetidin and acetanilid raised it, but only in aerj 
high doses 

5 hlorphmo, m doses of 10 and 15 ragm per kilo, did not change the threshold 
for the comnilsive stimulus 

G The analeptic drugs strychmne, metrazol, coramine and cafTemc were 
irregular m their effects, indicating a lack of specificity for this pliase of cerebral 
function 

7 On the other hand picrotoun low ered the threshold to a considerable degree 
and in relatu elj low doses 

8 Cocaine and mescaline raised the con\ailsu e threshold moderate^ , indicat 
mg that these drugs depressed rather than stimulated cerebral function at 
this level It is suggested that the psychic effects or hallucinations after the 
use of these drugs ma> be due to release of cortical inhibition 

9 The BjTnpathomimetic amines generallj raised the convulsue threshold 
to a moderate degree d Benzedrme w as more effectu e than dl benzednne, 
whereas I benzedrme was almost completely inaclne, d and I ephedrme pro 
duced practically no change eien m very high doses PrOpadnne depressed 
the excitability, although it is not commonly believed to have a pronounced 
action on the central nenous system Tyranime, parednne and epmephrme 
caused only mconsislant clianges but neosjuiephrme and cobelrmo depre«5sed 
the excitability m \ er^ high doses 

10 The changes wnth the sympathomimetic amines did not agree well with 
their effects on the central nenous system as indicated by other methods or 
observations, and therefore leave some doubt as to the causal significance 
of the convulsive threshold changes for central stimulant effects of these amines 
Howeier, this conclusion cannot be accepted ivithout reservation until th** 
possible role of the simultaneous circulatory changes is evaluated 

11 Thyroxine lowered the threshold to epileptiform convulsions more than 
any of the other agents tested, the threshold bemg reduced from an aAerar*- 
of 23 1 ma m the control penod to 15 7 ma after 19 days of thj roxme medass- 
tion This reduction suggests a possible phj siobgical basis for the inipsrr»c 
neuromuscular contiol and poor poise of clmical hyperthyroidism 
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The action of aspirin, according to clinical observation and c\pcrimcntalA\ork 
in some species of animals, tends to follow the pattern of the organism’s response 
to \^a^m environments. IIo^^eve^, for the exhibition of aspirin antipyresis the 
organism must be rendered febrile, although not all types of fever agents arc 
efficient for this purpose. 

Barbour (1) has shovn that sensitivity to aspirin antijiyresis may persist 
beyond the period of actual pyrexia, and employing calorimetric measurements 
he demonstrated that aspirin antipyresis is due essentially to an increase in heat 
loss, rather than a decrease in heat production. This heat loss mechanism in- 
cludes peripheral vasodilation, hydremia, s^\ eating, and polypnea. 

One of us xsilh Herrmann (2) first demonstrated that aspirin produces hydremia 
in fever animals, revensing the blood concentration that occui“s m the onset of 
fever. Dontas (4) has found that the threshold for heat poli^jnca in noirnal dogs 
is lov ered by large doses of aspirin. This mechanism of heat loss is very impor- 
tant in other carnivores and rodents, but in primates sweating occupies a more 
important place. 

The present investigation concerns aspirin antipyresis in febrile monkeys 
controlled with normal animals with or without aspirin, in both normal and hot 
environments. Information was also obtained about hydremia, plasma chlo- 
rides, quantities of fluid lost by sweating, temperature and respiratory latc 
changes in the animals, w as made. 

PROCEDuacs Fourteen adult monkeys {Macaca mulatta) ranging m weight from 3 8 
to 6 S kilos were used The annuals successively n ere studied under the groups of observa- 
tions shown in Table 1 : 

A Normal monkeys in cage with freedom of movement, room temperature around 23®C. 
(30 observations) 

B Normal monkeys tied in supine position on padded board at room temperature of 
23*C. without receiving any drug (15 observations). 

C Normal monkeys in same position and environment as those in group B, but receiv- 
ing 100 mgm /kgm of aspirm by stomach tube (15 observations). 

D Normal monke>B tied in supine position on padded board in room at 40’C (diy air) 
without receiving any drug (10 observations) 

E Normal monkeys as in D, hot room, but receiving 100 mgm /kgm of aspirm by stom- 
ach tube (10 observations). 

r Febrile monkeys tied m supine position on padded board in room around 23*C with- 
out receiving any drug (10 observations) 


* Aided by a grant from the Fluid Research Fund of the Yale University School of 
Medicine 

» Fellow of El Colegio de Mexico and the Rockefeller Foundation. 
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G. Febrile monkeys in the same position and environment as those in group F, but 
receiving 100 mgm./kgm. of aspirin at the fever plateau (16 observations). 

As a pyrogenic substance we used 5 cc./kgm. of a 25 per cent sterile yeast suspension in 
water, injected subcutaneously in the lateral side of the thigh. The following substances 
were found unsatisfactory for consistent production of fever in monkeys: Bactopeptone, 
B, coli vaccine, and the new Welch pyrogen. There is no simple chemical substance (e.g., 
cocaine, /3-tetrahydro-naphthylaminc) known to be satisfactory for antipyretic studies 
because a continuous plateau of fever is needed. 

Ucadings of rectal temperature in the animals in the cage were made at half hour periods, 
and each ten minutes when the animals were lied on the padded board at the same time 
that the respiratory rate was counted. ' 

Sweat was estimated quantitatively ns follows: room air first was dried by drawing 
through an Erlenmeycr flask with sulfuric acid and a U-tube containing calcium chloride. 
The flow was regulated to a constant rate of 450 cc. per minute by means of a flowmeter. 
This apparatus was connected on one side with the vacuum and on the other with one of 
two exchangeable water collecting outfits HjSO< and CaClj. The dry air passed through 
a glass plethysmograph with a rubber cuff containing the left hand of the monkey. The 
moisture from the skin surface went to the collecting set through an empty U-tube. The 
moisture collections were weighed every ten minutes. This method permits estimation of 
differences of 0.0001 gm. of water. In normal conditions during the ten minutes periods, 
the water collection ranged between 0.040 and 0,070 gm. The monkey’s hand was denned 
with absorbent cotton only, avoiding the use of all cleaning fluid as mentioned by several 
authors, because of differences occurring in the results. Ordiaan'/y higher values can he 
observed in the first two weights as a result of the retained moisture of preceding excretion. 

After the injection of the sterile yeast suspension the animals were returned to the cage 
and left with freedom of movement during an approximate period of 3J hours at which time 
a fever plateau of around two hours is obtained. Then the observations of fever were made 
with the animals again tied on the padded board. 

1(X) mgm./kgm. of aspirin* were given in suspension in 25 cc, of water by stomach tube 
as indicated in the curves C, E, and G in figure 1. This dose appears without significant 
effect in normal animals, but is antipyretic for febrile animals. In the case of group E 
the aspirin was given upon entering the hot room; in the G group the animal received the 
aspirin at the onset of the fever plateau. Its effect is evident fifteen minutes after ad- 
ministration. 

As a technique for determining the plasma specific gravity the Falling Drop method of 
Barbour and Hamilton was employed. Chlorides were determined according to the Van 
Slyke and Sendroy method. 

Results. Temperature. In thirty obser\’‘ations, group A, on normal mon- 
ke 3 's, only a slight rise to 39.2®C. during the digestive period appears in the diur- 
nal average variations \Yith an individual maximum of 39.7°C. In the animals 
of group B, after tieing on the padded board, a small fall of 0.3 ®C. occurred in the 
rectal temperature when in a room at 23°C., due probably to the reduction of 
muscular activity and the extension of the extremities. In group C, animals tied 
down like the above-described controls but receiving aspirin, the change in 
temperature is a very small fall of 0.2°C. in an one hour period. In both groups 
D and E the rise of rectal temperature in response to the hot room (dry air at 
40°C.) was similar whether the animals received aspirin or not; the drug appears 
without effect in reducing this hyperthermia. The animals of group F, after 
receiving the pyrogenic injection, first showed a marked fall in temperature 

> Aspirin, Acetyl Salicylic Acid, Merck & Co., was employed in this experiment. 



TABLE A 

i)iurTioI lartations tn cage 
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8 

Teinp*r*ture 
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39 1 
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39 
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33 0 

33 e 

39 1 

38 O' 

39 0 

39 J 

30 0 

39 1 

30 0 

39 2 

39 0 

39 1 

39 1 

39 1 

39 1 


TABLE B 

A'ormal animals confined to padded cradle 



TABLE C 

Normal animals tecening aspirin at (A) 



TIME (uinutes) 


i 120 1 

1 1 

1 180 ^ 

1 210 

Temperoture (*C ) 

39 0 

39 0 

39 0 

1 38 9 A 33 9 1 

33 9 

38 7 

3S 7 

33 7 

33 7 

38 7 

Respirations/ min 

Sweat eras UiO (lOiatn 

33 

40 

37 

37 i 

1 37 

40 

40 

41 

42 1 

43 

43 

utes period) 

031 

071 

073 

0-3 

090 

034 1 

033 

054 

049 

043 

045 

Plasma gravity 



1 0277 



1 0377 



1 0277 



Plasma chlorides (m eq /\ ) 



109 



104 







TABLE D 


A^armal animals placed tn hat room at 



1 TIME (minutes) 


120 1 

ISO j 

ISO 1 

1 210 

Temperature (*C ) 

38 6 

IS s 

33 3 

1 38 2 ■ 33 1 

33 3 

33 0 

33 9 

39 3 

39 5 

39 9 

Reapirations/min 

Sweat •• gm* IIjO (10 xnin 

35 

35 1 

35 ' 

1 

34 

1 38 

1 

42 

50 

56 1 

11 J 

65 

75 

SI 
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072 

074 

071 ' 

077 j 

077 ! 

083 

116 


133 

149 

174 

Plasma era vily 



1 0262 






1 0254 



Plasma chlorides (m etj /I ) 



103 ! 
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Normal antmaZs receiving the aspirin and placed in hoi room at (#) 
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F. guehea (pehez-cahual) and h. g. bakbotjr 



Sweat “ffms HjO (10 mmulea period) .100 .058 0S2 .076 .074 ,008 .103 .lOS .105 .107 .107 

riftsnia Rrftvity 1 0268 1 0251 1.0250 

Pl'wmft chlorides (m eq /I ) 103 102 101 



aspirin antipyresis in monkeys 


59 


follo\\ed by a progressive rise until the fever peak was reached in about 3 J hours; 
this was held for about Ih hours after which the temperature gradually declined. 



D /o H / Z 3 4 3 


Fio 1. A^'EHAGE Effects of Hot En% ironments, Fever and Aspirin on Tesipcrature, 
Respiration, Sia eating, Plasma Specific GRAniT, and Plasma 
Chlorides in Monkeys 
A Diurnal variations m cage 

g v._ . . . r “ 1 ’ 1 

C • 4 

t . ■ ■ 

E ■ . • 

F ■ . . S 

C ■ . . ■ ^ - A 

In the group G the fever curve was the same but when aspmn was given at the 
beginning of the plateau the fall in temperature was greater than those of the 
normal C, or untreated febnie monkeys F, and about 0.15®C. each ten minutes 
in the rectal temperature. 
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Respiration. There were no significant diurnal variations in the respiratory 
rates of normal monkeys, although a small fall did occur in animals after long 
periods of time fixed on the padded board. Group C receiving aspirin showed 
a very small rise in the average rate, but this was not constant. 

Under the influence of the hot environment (groups D and E) there Avas a 
marked increase in the number of respirations, about 15 each ten minutes, paral- 
lel to the rise in temperature and uninfluenced b 3 ' aspirin. After injection of 
ycUst in groups F and G, a gradual rise of respirations Avith bod^' temperature 
occurred. It is interesting to point out that aspirin did not affect respiratory rate 
when it caused antipjTesis in febrile monkeys. 

Sweat. When aspirin was given to normal monkeys the rate of water loss fell 
steadily from 0.084 to 0.045 gm. per 10 minutes period after two hours. This 
Avas probablj” due in part to moisture initiallj’’ present, in part to diminution in 
activity and progressive fall in temperature. 

In the hot room the sweat increased with the temperature and respiration, at 
the rate of 0.016 gm. Avithout, and 0.018 gm. per 10 minutes period Avith the 
administration of aspirin. But in both cases the rate of Avater collection Avas 
doubled when the body (rectal) temperature reached 39.3®C. 

In the febrile animals the rate of sweat loss became double at the maximum 
body temperature AA^here no aspirin Avas given (group F) and then declined 
rapidly. On the contrary in the febrile animals of group G Avith aspirin, more 
than the double rate of excretion Avas maintained during the antip^Tcsis, which 
therefore appears to have been due more to the sAA’eating than to the respiratory 
change. The relation between plasma dilution and SAA'eating also has been 
emphasized bj’' Barbour and Brobeck (3). 

Plasma specific gravity. In the control animals where seA’en samples of 5 cc. 
of blood Avere taken from the femoral arteries during the course of the day, the 
average result was a A’^ery small gradual fall in specific gravity'’ due probabb" to 
AAuthdraAval of blood. 

Aspirin in normal animals had no effect on the specific graA'itA’. In the hot 
room the usual dilution of the blood Avas found during the earlj^ part of the rise 
in temperature (at 39.3°C.) but the blood dilution Avas slightly more rapid AAith 
than Avithout the aspirin. In the febrile monkeys no samples AA’ere taken during 
the onset of fever, but during the period of fall in temperature, either spontane- 
ously or following aspirin, the plasma specific gravity’’ declined. This decrease 
appears to be smaller under aspirin (group G) due to the large amount of water 
lost through sAveating, and obtained from the blood. 

Plasma chlorides. No significant changes have been observed during the 
inA’estigation in any of the groups. 

SUMiLA-RY AND CONCLUSIONS 

Yeast given aseptically by subcutaneous injection is a satisfactory pyrogenic 
agent for the study of antipAYesis in monkeys. 

In normal monkeys aspirin produces only slight decreases in temperature and 
appears to reduce sn-eat secretion. 
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Monkeys exhibit poljTpnea on exposure to hot environment, 40®C. dry air, but 
not as a result of yeast fever or aspirin administration either in normal or febrile 
condition. 

Sweat accumulates more rapidly in hot environments when aspirin is given 
than without aspirin. This was accompanied in each case by hydremia which 
has a causal relation to the formation of sweat, 

The amount of sweat collected is greatly increased in fever, but especially 
during aspirin antipyresis. 

The hydremia in fever is greater in spontaneous remission than under aspirin 
antipyresis, evidentlj' due to the sweating produced by the drug. 

The mechanism of aspirin antipyresis in these primates is principally due to 
sweating, accompanied by hydremia and vasodilation. 

The authors wish to thank Mr. W. P. Griffith and Miss E. A. Mclvaj' for their 
technical assistance in the development of the present work. 
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The wide discrepancies which exist between the dosage of quinine administered 
to animals and humans and the resulting amounts which can be determined in the 
urine have been commented on by numerous investigators. Among these may 
be mentioned Merkel (1), Schmitz (2), Biberfield (3), Hartman and Zila (4), 
Kaiser (5), and Andrews and Webb (6). The suspicion has often been voiced 
that these low recoveries might be, at least in part, a result of fecal loss. But 
when such loss is excluded by the use of dogs with isolated intestinal loops the 
conclusion still holds that even 48 or 72 hours after administration of the drug 
only a small percentage of the absorbed quinine can be accounted for, according 
to data recently published by Andrews and Anderson (7). The conclusion 
seems inevitable that a large proportion of the drug must be changed by meta- 
bolic processes to unknown products in which the nitrogen of the quinoline and 
quinuclidine rings must be excreted in some form as yet unrecognized. Studies 
of this metabolic decomposition may involve attempts to deteimine the identity 
of these decomposition products, or to identify the site of the decomposition. 
The present paper presents evidence bearing on the latter and indicates the vital 
r61e of the liver. Studies concerning the chemistry of the metabolic decomposi- 
tion are planned for later publication. 

The r61e of the liver in this reaction has already been suggested by Grosser 
(8), Plehn (9), Porak (10), Lipkin (11), and Acton and Chopra (12). Weiss and 
Hatcher (13) demonstrated loss of about 18% of quinine hydrochloride on perfu- 
sion for 40 minutes through an isolated cat liver. A similar experiment con- 
tinued an hour showed a loss of practicallj’’ 50 per cent. It has been suggested 
by Bellett, Ravdin, McAIillan and IMorrison (14) that hepatic capillaries remove 
quinidine (and presumably therefore quinine) from the blood stream and hold 
it in loose combination, and that this action is not accompanied by destruction 
of the drug. However, Weiss and Hatcher (15) have expressed the opinion 
that the capillaries of many and all tissues are capable of holding quinine tem- 
porarily. Such claims, and also those of Giemsa (16) and Kirstner and Pante- 
kenkoff (17) merel^^ indicate the possibility that various organs can store quinine 
temporaril 3 % a conclusion supported by the fact that quinine in common with 
other alkaloids is eliminated in the urine over a period of days, although the 
amounts eliminated after the first 48 hours are too small to affect this conclusion 
materiall 3 ^ Further, Ramsden, Lipkin and M^itely (18) and Lipkin (11) have 
shown that added quinine can be recovered quantitatively from a number of 
minced animal tissues, if the latter were previously heated, whereas from some 
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of these ti‘?sucs, if not previously heated, rcco\ eries ere \ ery incomplete These 
results have been confirmed bj us It seems more likely therefore that some of 
these tissues, notably the In er contain an agent specificallj responsible for the 
loss of quinine 

If the hver is concerned \\ith the metabolism of quinine, complete or paitial 
hepatectomj should reflect this function bj increased excretion of quinine into 
the iinne Complete hepatectom> , because of the abnormal condition set up, 
does not lend itself to such exiierimentation as readilv as docs partial hepatec 
tomy The latter has the nd\ antage that it serves as an additional check on the 
experiment, since as indicated bj Alarkoivitz (19) the luer in dogs and rats is 
rapidl> regenerated after such an operation For example, when up to three 
fourths of a dog’s liver is removed, the oi^an regenerates itself completely in 
from SIX to eight weeks Thus, after tins regeneration the exiicnmcnt can be 
repeated on the same animals under vv hat are again normal conditions 

Liver damage resulting from chloroform anesthesia can be similarly produced 
with the same opportunity afforded to repeat the experiment on the same animal 
after norma! conditions have been restored Both of the above methods were 
used m the following experiments, partial hepatectomies having been earned 
out on rats and liv cr damage from chloroform anesthesia on a dog 

ExPEniMEXTAL Parltal kepalectomy ri\c normal young adult rots were each gi\cn 
two preliminary periods of quinine dosage and urine collection in order to estahlisli the 
normal rate of quimne excretion for each ammal The animals were so selected as to fall 
into two weight groups one with animals approximating ISO grams and the other 2o0 grams 
The dosages of quimne used were roughly proportioned to their body ueights (about 
3 45 mgm quinine free base per 100 gram of rat) but were kept constant for all experiments 
regardless of variations in the weight of the animals The quinine sulfate was adminis 
tered m water suspension into the animal s esophagus by means of a syringe with a blunt 
needle and the total charge was washed in quantitativ cly Each ammal w as fed a balanced 
d et of adequate vitamin and mineral content with water ad libitum The animals were 
kept in cages which made possible urine collections for 3-4S hour periods after quinine 
dosage and the unne samples w ere analyzed as described by Ky ker Webb and Andrews (20) 

Preliminary determinations on normal urines of rats which had received no quinine 
showed the presence of slight amounts of some unknown substance interfering with the 
analytical method For each of the rats used in this senes of experiments determinations 
were made of the extent of this interference and the result expressed in terms of quinine 
pcrcc of urme was in all cases subtracted from the quinine values obtained later on the 
quimne admimatfation experiments The magnitude of this correction in terms of quinine 
varied from 2 to 4 mgm per liter of urine As a rule the concentrations of quinine deter 
mined in the urines of the first 48 hours after quinine dosage averaged nearly 100 mgm per 
liter The correction therefore was insignificant m comparison with tl e urinary concen 
trations obtained when tl e mam mass of the quimne was being excreted 

After two such administrations to the normal animals partial hepatectomies were 
performed and on tl e day following the operation the quinine dosage was repeated The 
percentages of liver removed are recorded below but it should be remembered tl at these 
are only approximations obtained by comparing the actual amount of liver removed with 
the total weight of liver obtained from each rat when it was killed at the end of tl e experi 
ment It IS possible that as indicated by Markowitz more or less liver tissue may have 
been fonned than was present before partial hepatectomy These figures however repre 
sent a reasonable approximation 
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TABLE 1 

Recoveries of quinine in urine of normal rofs, hcpa/ccfomizcd ra(«, raM with regenerated 

livers and controls 

All quinine (given as the sulfate) expressed as free base. Rats 1 and 2 were males, the 
others females. 
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TOTAL 

»rco\*Exr 


1st 48 hr. 
period 1 

2od 48 hr. 
I>eriod 

3rd 45 hr. 
period 

Total 


Normal animals — first series 



cent 

firm. 

mzm. 

mrm. 

mrm. 

firm. 

per cent 

1 

None 

8.69 


o.oos 

O.OOS 

■SB 

5.70 

2 


8.69 


0.000 

0.000 


c.« 

3 

ft 

6.19 

0.404 

0,003 

0.000 

0.407 

6.5S 

4 

** 

6.19 

0.517 

0.0S6 

0.000 

0.603 

9.74 

5 

tt 

6.19 

0.444 

0,000 

0.000 

0.444 

7,17 


Normal animals — second series 


1 

None 

8.69 

0.660 

WM 

0.056 

0.744 

8.50 

2 

li 

8.69 

0.780 


0.014 

0.859 ! 

9.SS 

3 

t,i 

6.19 

0.778 

■eb 

0.013 

0.825 

13.34 

4 


6.19 

0.520 

0.044 

0.001 

0.565 

9.13 

6 

(f 

6.19 

0.728 

0.032 

0.000 

0.760 

12.2S 


Partially hepatectomized animals 


1 

52 

8.69 

1.131 

0.000 

0.000 

1.131 

13.02 

2 

56 

8.69 

1.221 

0.000 

0.000 

1.221 

14.05 

3 

34 

6.19 

■SB 

0,030 

0.000 

1.360 

21.90 

4 

36 1 

0.19 


0.000 

0.000 

1.270 

20.52 

5 

53 1 

6.19 

HI 

0.000 

0.000 

1.463 

23.64 


Animals with regenerated liver 


1 


8.69 

0.609 

0.026 

0.004 

0.639 

7.35 

2 


8.69 

0.20S 

0.054 

0.000 

0.262 

3.03 

3 


6.19 

0.566 j 

0.033 

0.028 1 

0.627 

10.13 

4 

i 

6.19 

0.600 

0.050 

0.014 

0.664 : 

10.73 

5 

i 

6.19 

0.914 j 

0.024 

0.022 1 

0.960 1 

15.67 

Splenectomized animals 

2 


8.69 i 

0.700 

0.000 

0.000 

0.700 

8.06 

4 

1 

6.19 

0.594 ! 

1 

0.000 

1 0.000 

0.594 

9.59 

Animals with an abdominal incision 

3 

i 

6.19 

0.551 

0.000 

0.000 

0.551 

8.90 

5 


6.19 

0.757 

0.000 

0.000 

0.757 

12.23 


pjfty days after the date of the hepatcctomies the quinine dosage was repeated for each 
animal at the same level as before. After the termination of this experiment, two control 
operations were carried out on four of the five animals previously employed in order that 
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the effect of partial hepatectomj on quinine excretion could be compared with that of 
other operative procedures and m order to rule out the effect of operative shock Two of 
these animals (Nos 2 and 4) had the spleen removed, the other two (Nos 3 and 5) had an 
abdominal incision made The following da> after these operations the quinine dosage 
was again repented with urine collections over 3-48 hour periods At this point all the 
animals were killed and the livers weighed 

TABLE 2 


InCTea$e tn ■qmmne txcrelian m parhally hcpatectomtzed rata and tn controla 


KAT NO 

QUINTKi: 

XECOVEKV 

NOUIAI. 

LIVE* 

live* 

XENOVED 

qUIKlKE XEjOQVCtr 

IhCXLASE IN 
enrviNE 
XECOVEkYAETEK 
SEPATEcrOMY 

Ujih 

hepatectomy 

1 Alter 1 ver 
reseneraUott 

After epleen 
ectoray 

After 

abdom nal 
lacis on 


t*r cmi 

5 70 

S 5Q 

ptr cent 

52 

ftr cent 

13 02 

Per cent 

7 35 

1 

per cent 

Per cent 

Per cent 

82 6 

Average 

7 13 
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6 43 

0 88 

56 

14 05 

3 03 

8 06 


72 2 

Average 

8 ID 
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6 58 

13 34 

34 

21 90 

10 13 


S 90 

120 0 

Average 

9 96 
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9 74 

9 13 

36 

20 52 

10 73 

9 69 


117 4 

Average 

9 44 
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5 

7 17 

12 28 

53 

23 64 

15 67 


12 23“ 

143 0 

A\ crage 

9 73 








The results of the whole senes including the control operations, arc giv en m 
detail m table 1 , while recov enes of quinine arc suramanzed on a percentage basis 
m table 2 

The marked effect of partial hepatectomy in increasing the urinar> output of 
quinine is obvious The increases as compared with the average of the two 
noi-mal expenments, range from 72 to 143% On the other hand, neither sple 
nectomy nor an abdominal incision caused any significant change in the level of 
quinine excretion This mode of experimentation therefore furnishes quantita 
tive evidence confirming prev lous claims as to the v ital role of the hv er 

Liter damage bj chloroform anesthesia A normal male dog of 20 kg weight was freed 
from intestinal parasites by the use of a dose of 10 cc tetrachlorethjlene and lo cc satu 



TABLE 3 

Conccniralion of quinine («? free hose) in blood and nrinc of a dog a( intervals before and after two levels of chloroform anesthesia 

Dose: 20 mp. quinine Bulfntc per kilo body weight 
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rated magnesium sulfate solution After allowing a period of four to five days for the 
intestine to heal, quinine sulfate was administered by mouth in gelatin capsules at the 
level of 20 mgm of the sulfate per kilo of body w eight The animal was fasted for at least 
12 hours before each such experiment as well as before each administration of chloroform 
The resulting concentrations of quinine m both blood and urine were followed as de 
scribed by Andrews and Webb (6) Collections of both n ere made at periods of 30 minutes, 
and 1, 2, 4, 6, 12 and 24 hours after quinine administration During all experiments the 
dog was kept in a metabolism cage which permitted collection of all urine voided between 
times of calhetenzalion Blank samples of both blood and unne were taken before ad- 
ministration of the dose Determinations of quinine m the oxalated blood and the urine 
samples were made, as indicated above, by the procedure of Iiyker, Bebb and Andrews (20) 
After two such experiments were run the animal was put under chloroform anesthesia 
for 30 minutes Fort> hours afterwards, quinine sulfate was administered and blood and 
urine levels were followed as before The same experiment was also carried out 112 hours 

TABLE 4 


Ittcrcaje tn percentage of vrinary qmnine excretion in a dog with liver damaged by 
chloroform anesthesia 


TEStOD or CBEOtOrOSM 
ane^tbesia 

time AETEe akesthesia 

QOPfIVE lECOlElE 

iv QCIVtVE 
lL£COV£KY 

None 


pit cihI 

7 9 

per eeni 

30 min 

40 hta 

13 7 

73 


112 hl-8 

7 0 

0 

60 mm 

34 hra 

15 7 

99 


82 hrs 

17 4 

120 


4 months 

8 9 

13 


after the time of anesthesia Following this the animal was subjected to chloroform anes 
thesia for one hour and two quimne administration experiments 34 and 82 hours afterwards 
were run Four months afterwards when normal liver conditions had been established, 
a last dose of quinine was administered, followed bj the same determinations as before 

The data resulting from this senes of quinine administration experiments are 
presented m table 3 in terms of concentrations and total amounts of quinine in 
blood and urine The figures listed for the normal animal are those which re- 
sulted from both experiments Since the animal gained somewhat in weight 
dunng the total course of the experiment (about six months) the dosages of 
quinine sulfate, based upon 20 ragm per kilo, increased proportionally Hence, 
as m the case of the partial hepatectomies on rats, the summanzation in terms of 
percentage excretion shown m table 4 is the more significant Since the two 
experiments on the normal animal produced total unnarj recoveries of 5 2 and 
10 6% of the do'!e respectively , the percentage recov enes of table 4 are calculated 
on the average of these tw o figures, or 7 9 per cent The increase resulting from 
hver damage, particularly in the ca*!© of the longer penod of anesthesia, is quite 
ev ident This finding is in agreement with the higher concentrations of quinine 
maintained m the blood stream for several hours after its administration when 
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partial liver disfunction has been produced. On the other hand, tho urinary 
excretion of quinine 112 hours after 30 minutes of anesthesia shows no increase. 
Such a finding is not unexpected. Although the experiments of Rosen tljal and 
Bourne (21) indicate some impairment of liver function for S days after one-half 
hour of chloroform anesthesia, the effect after three or four days is comparatively 
small. It would appear therefore that a period of 112 hours after one-half hour 
of such anesthesia suffices for the establishing of normal conditions, at least as 
far as quinine destruction is concerned. The exact duplication of our average 
normal figure for urinar}' excretion (7.9 per cent) at this time is, of course, purely 
fortuitous. !Morc extensive damage, resulting from one hour of chloroform 
anesthesia, would necessitate a longer period for recover^^ but the data indicate 
that after four months normal conditions had been reestablished. We thus 
confirm by different technique the claims of some of the earlier investigators as 
to the role of the liver in quinine destruction. Further studies concerning the 
isolation of the active agent from liver tissue are in progre.ss and will be reported 
later. 

It is of interest in this connection that the e.xcretion of quinine, after standard 
dosage, has recentlj" been proposed by IMiano (22) as a test for liver function. 

CONCLUSIONS 

1. The removal of from one-third to one-half of the liver of rats causes an 
increase in urinarj' excretion of quinine of from 72 to 143 per cent over that 
observ'cd with the same intact animals. After a period of four weeks, allowed 
for regeneration of the liver tissue, the excretion again falls to normal levels. 

2. Splenectomy or such surgical procedures as an abdominal incision does not 
interfere with the normal rate of excretion. 

3. Damage to the liver of a dog due to chloroform anesthesia results in main- 
tenance of higher levels of quinine in the blood stream for a longer period of time 
than normal and also raises the percentage of urinary’’ excretion. A longer period 
of chloroform anesthesia increases this effect. After a period of four months for 
the reestablishing of normal conditions, the blood levels and urinarj^ excretion 
following standard quinine dosage in the same dog, were found to have returned 
to normal, 

4. Our results indicate the presence of some agent in the liver which is evi- 
dently active in the metabolic destruction of quinine. 

The authors wish to acknowledge the assistance of the Samuel S. Fels Fund in 
providing means for carrying out this work. 
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The use of quinine during pregnancy, either for the initiation of uterine con- 
tractions, or for the control of malaria, is not Avithout danger to the fetus. There 
are several reports dealing \rith the toxic effects of quinine administered to induce 
labor (1-4). In those experiments the amount of quinine found in tlie fetus 
after such treatment was not determined because of the lack of a sufficiently 
sensitive and specific method. Investigations dealing with the placental trans- 
mission of quinine have been made on the human being (4, 5), rabbit (4), dog (5), 
and guinea pig (G). Although these experiments were chiefly qualitative, they 
demonstrated the ability of the placenta to transmit quinine to the fetus. In 
two instances, attempts were made to determine quantitatively the placental 
transmission of quinine (4, 5). In the human being, quinine passes through the 
placenta in the middle of the second trimester (5), but a quantitative determina- 
tion of the capacity of the placenta to transmit quinine, in relation to the stage 
of pregnancy is lacking. 

ExPERniENTAL. Thc experiments reported here were designed to sho^' the influence of 
prcgnnncy on the metabolism of quinine both in the maternal rabbit and in the fetus. 
Thc stage of pregnancy was accurately knoAsm from the mating dale. In four rabbits, 
pregnancy was prolonged by the intravenous administration of 10 units of Gonadogen 
(Upiohn) on thc 25th day of pregnancy. Quinine was given intravenously as a 1% solu- 
tion of thc hydrochloride in water. Thc dosages and analytical data arc expressed in terms 
of the free alkaloid. In all experiments except those in which quinine Avas giA'en by mouth, 
10 mgm./kg. of quinine aa’ss given inlraA’cnously. The animal AA’as sacrificed one hour later 
and s.amp)cs taken for the determination of the quinine concentration. In one group of 
experiments, the time interval was varied. 

Three fetuses of each litter were analysed separately except for thc 12, 13 and 14 day 
stages in which all of thc fetuses were combined for analysis. Earlier stages AA'crc too 
small for analysis. The organs from several fetuses were usually combined. In each case, 
three placenta Avere analysed, one intact and thc other two separated into maternal and 
fetal portions. The maternal tissues were dissected as rapidly as possible, AveigUed and 
an aliquot dissoh'cd in 2% NaOH. The quinine content A\*as determined by thc method 
of Kelsey and Ceiling (7). 


* This Avork was aided by a grant from thc Dr. Wallace C, and Clara A. -Abbott Memorial 
fund of thc University of Chicago. Thc AAork Avas done under a contract , recommended by 
thc Committee on Medical Research, betAveen thc Oflicc of Scientific Re.‘?eareh and De- 
velopment and thc University of Chicago. 

sjohn J. Abel Fellow in Pharmacolog>'. These studies arc taken from a dissertation 
submitted to thc University of Chicago in partial fulfilment of thc requirements for thc 
degree of Doctor of Philosophy, June 1942, 
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Results Qmni7ie m the fetus The total quinme in the fetus determined 
one hour after admmistration to the maternal anunal increased lapidly as preg- 
nanej ad\anced, tending to parallel the increase m fetal eight The concen 
tration of qmnine in the fetus was at the highest level on the 12 da> (fig 1), 
sloul) dropped from the 12th to the 23rd daj , and gradual!} increased from then 
until term Tlie concentration showed a marked fall m the post term fetuses 
The concentration of quinine m tissues of fetuses older than 23 da}S was 
determined one hour after administration to the maternal animal The luer 
ranged from 0 3 to 0 9, the kidne} from 0 5 to 1 9 and the lung from 0 8 to 5 8 
micrograms per grpra Tlic quinmc content of a full term fetus was found to 
be 4 6 micrograras tw o hours after a single oral dose of 20 mgm /kg After 
repeated dail} oral doses of 20 mgm /kg from the 21st da} of pregnane} , a 



DAY or PREGNANCY 


Fig 1 Qdinine Concestrvtiov in the Fetus One Hour after Intravenous 
Administration of 10 Mgm of Quinine per Ivjloor\m to the 
Motiifr 

Points from the fifteenth da> to the thiitj fourth day represent individual fetuses the 
others represent the average of each litter 


full term fetus contained S 9 micrograms of quinme tw o hours after the last dose 
In another group of animals the quinine w as found to ha\ e practicall} disap 
peared from both the maternal and fetal tissues 12 hours after the injection of 
10 mgm /kg In four hours the concentrations were less than 10% of those 
observed 10 minutes after the injection 
The fetal portion of the placenta alwa}s contained more quinine than the 
maternal portion The a\erage of 15 fetal placentas was 6 9 micrograms total 
quinine, or a concentration of 3 I micrograms per gram For 15 maternal 
placentas the a\ erage a alues were 2 0 and 1 1 respectively 
Quinine xn the maternal tissues The relationship between the stage of preg 
nancy and the concentmtion of quinine in the tissues of the maternal animal one 
hour after injection are show n m figs 2 and 3 Most of the tissues show the low est 
values at the end of the second trimester, with rising \ alues tow ard term This 
is especiall} marked m the liver, spleen, blood and lung The tissue levels 
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obsen-ed in these experiments were ahva 3 -s verj- low compared to levels found in 
similar experiments witli dogs, cats and guinea pigs. The discrepancj’ was 
especially noticeable when values for liver quinine were compared. These 



DAY OF PREGNANCY 

Yig. 2 . QttiMNE CoN'crxrnATioN* IK Mateukal Orgaks, anr Fetal Placenta or 
the Babbit One Hour after the lNTRA\XNors Lvjection* or 10 Mgm. 

PER Kilogram or QenyLVE to the Mother 

observations led to a study of the ability of the rabbit liver to destroy quinine 
ttvrilro, wliich will be reported in detail elsewhere (8, 9). These studies have 
shown the rabbit liver to be much more effective in destrojing quminc than the 
liver oi the cat, dog, gumea pig and several other species. 
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Discussion. When standard experimental conditions are observed Viith 
respect to dosage, mode of administration, and the time inter\*al follows ing the 
administration of the quinine, there is a progressive increase in the quantity of 



Fio 3 Quinine Concenthation in Maternal Organs of the Rabbit One Hour after 
THE InTRAAENOUS ADMINISTRATION OF 10 MgM PER KiLOGRAM TO 
THE Mother 


quinme passing from the maternal animal to the fetus as pregnancy progresses 
This 'll as found to be true for arsenic by Snyder and Speert (10), and for other 
substances (11, 12). In our experiments, prolonging pregnancy resulted in less 
quinine in the fetus than at term. Under similar conditions Snj der and Speert 
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(10) found more arsenic in the fetus after term. The fall m quinine concentra- 
tion in the post-term fetus may be due to a decreased rate of transmission, to an 
increased destruction in the fetus or to excretion hy the fetus to the maternal 
animal. Ryperiments vi ntro suggest an increased destruction b 3 ^ fetal livers 
(8), while we have found that the placenta is capable of transmitting quinine 
from the fetus. Quinine was detected in maternal tissues shortlj" after its 
injection into the fetus. 

At term the greatest amount of quinine was found in the fetus 10 minutes 
after injection into the maternal animals. Progressiveh" smaller amounts were 
found at later inten^als. This is in contrast with the results obtained with 
arsenic by Snyder and Spoert (10), who found that the amount of arsenic travers- 
ing the placenta was directl^^ proportional to the time at which the animal was 
sacrificed after the injection. 

There is a considerable difference in the behavior of the maternal and fetal 
portions of the placenta toward quinine. The amount of quinine passing 
through the maternal placenta was twice as great as that passing through the 
fetal placenta in a ten minute period. The fetal placenta, although affording 
ready passage to considerable quantities of quinine, does have the abilit}’’ to 
hold back or store within itself relatively large amounts of the alkaloid for a short 
period of time, thus affording some protection to the fetus against the alkaloid. 
Quinine is said to be fixed readilj’’ hy the capillaries and held vary loosely (13). 
Tills may cxjilain the retention of large amounts hy the fetal placenta which has 
an abundance of capillaries. The trophoblastic cells of the placenta, which 
have marked phngoc^dic power (14), maj' aid in this rapid fixation and trans- 
mission to the fetus. On the other hand arsenic, being a capillaiy’’ poison, may 
be able to pass the placental barrier only after injuiy^ to the capillaries. Arsenic 
is firmh’’ fixed hy the tissues and excreted ver>^ slowly (15, IG). 

The high concentration of quinine in the rabbit fetus in the early stages of 
pregnancy is difficult to explain. At this stage the fetal blood and the maternal 
blood are widely separated, Jn the :final stage of pregnancy, ihc jnatema] hhod 
is separated from the fetal blood onl}^ b 3 " an endothelial layer of cells (17). 
However, on the 12tb da^’^ the tissue separating the two blood streams is fetal 
endothelium, strands of mesench\une in places, and the plasmodium, which is 
often extrcmcl 3 ’' thin. In addition, the fetal circulation is well established. The 
fetal vessels extend almost to the tips of the ingrowing trophoblastic folds and 
villi. Pobunorphonuclear Ieucoc 3 'tes are abundant in the venous plexus, vacu- 
oles, and s 3 TiC 3 "tium where these have been filled with blood. At this stage of 
pregnanc 3 ", the leucocytes and trophoblastic cells must be considered as pla 3 ung 
a possible role in the transmission of the quinine. 

After intravenous injection quinine was found in the highest concentration in 
the maternal lung, kidne 3 ' and spleen, with the heart, bile, liver, muscle, brain, 
spinal cord, blood and uterus next in order. Tins organ distribution agrees in 
general with that reported by Lipkin (18). In the rabbit the lung initially fixed 
quinine in the greatest quantities. Lipkin reported onh' two anal 3 ’’scs on rabbit 
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lungs and did not find the quinine content m them particularly high as compared 
with other organs Hatcher and Weiss (13), studjmg quimne distnbution in 
the cat, found that quinine is rapidly fixed by the capillaries, and that the lung, 
liver, kidney, and bram contamed quinine in higher concentration than muscld 
or blood 

On the basis of quinme concentration, the ability of the h\ er to detoxify quinine 
13 evidently greater in the non pregnant animal and in the first and second tri- 
mesters of pregnancy than m the third trimester. In spite of the fact that the 
concentration of qumine rises to a higher level in the liver dunng the third 
trimester than at any time durmg the first two trimesters, the concentration of 
qumme did not increase as much m other organs as would be expected if the liver 
was the sole source of the enzymes responsible for the destruction of quinine. 

The changes in the rate of qumine detoxication in the rabbit during pregnancy 
IS of practical significance That similar changes occur in the human is sug- 
gested by the ^^o^k of Abe (19) on placental enzyme actnity In the human, 
toxic sjTnptoms are less hkely to occur durmg the second trimester This is m 
accord with the increased detoxifjung power occurring in* the second trimester 
os seen m the rabbit with respect to quinine. 

SUMMARY 

Quinine readily passes the placenta of the rabbit and may be found in the 
fetus in highest concentration on the 12th day of pregnancy It is rapidly 
destro> ed or excreted and repeated dailj'* doses show little tendency to accumulate 
in the fetus or maternal organs The relatively high concentration m the fetal 
portion of the placenta suggests that some degree of protection is afforded by 
this organ 

The rabbit has a remarkable abihty to destroy quimne, v\hich is reflected by 
the very lov\ concentrations found m the tissues shortly after intravenous injec- 
tion The stage of pregnancj has a distinct effect on the ability of the rabbit 
to destroy quinme At the end of the second trimester, quinine is most rapidly 
destroyed, but at term there is more qumme stored in the tissues than in a non- 
pregnant annual 
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The ability of certain tissues to destroj quinine tn vilro has long been recog 
ni«5cd Plehn (1), Grosser (2), Lipkin (3) and Weiss and Hatcher (4) perfused the 
livers of cats, dogs and sheep iMth a quinine containing perfusate and obtained 
destruction of as much as 75% of the added quinine, while Ramsden, Lipkin and 
Whitley (5), Lipkm (3) and Andeison and Andrews (6) show ed destruction of the 
alkaloid on incubation with various minced tissues Since it is bj no means 
certam whether the efficacy of quinine in raalana is due to the quinme per se or to 
some metabolic product, the nature of this tn iitro breakdown of quinine is of 
considerable importance We ha\ e examined the problem in some detail dunng 
the past year and present in this report our quantitative studies on the quinme 
oxidase in the tissues of vanous animals 

Material and methods The vanous species of animals used were sacrificed without 
ancathesia the tissues were removed blended with four \oluraos of Hmgcr Locke solution 
and strained through several thicknesses of gauze * Aliquots of 1 0 5 0 and 10 0 cc repre 
seating 0 2 10 and 2 0 grams of tissue respectively were added to beakers containing 0 1 
mgm of quinine as the hydrochlonde m 10 cc of Ringer Locke solution The total volume 
was adjusted to 20 cc by the addition of Ringer Locke After incubation for one six or 
twelve hours nt 37“ the samples were analyzed for residual quinine by the method of Kelsey 
and Gelling (7) In all cases the recovery from unincubated samples was within 5% 

Results and discussion The results can be considered in two parts first, 
a comparison of the amounts of qumine oxidase m the h\er of vanous species, 
and secondlj, the distribution of the enzyme in tissues other than the Ii\er 

The per cent destruction of 0 1 mgm of quinine bj the li\ er of vanous species is 
presented in tables 1 and 2 Smee the rabbit liv er is so much more acti\ e, smaller 
ahquots had to he used and the results are therefore presented separatelj Next 
to the rabbit, in descending order of activity are the rat mouse, cat and gumea 
pig, ivith the rat havmg about 50% the acti\ itj of the rabbit The In ers of the 

*Thia work was aided by a grant from the Dr Wallace C and Clara A Abbott Memorial 
Fund of The University of Chicago The work was done under a contract recommended 
by The Committee on Medical Research between the Office of Scientific Research and 
Development and The University of Clucago 

* John J Abel Fellow in Pharmacology 

• This extract can be stored at room temperature for nt least 6 hours without loss of 
activity Cell free NaCl filtrates of liver were found to contain appreciable amounts of 
the enzyme Dehydration of the filtrate tn lacuo resulted in a light tan pow der which could 
be resuspended in water with considerable activity remaining The activitj of the powder 
rapidly decreased on storage Since oxygen is essential for the reaction and since pre 
liminary studies suggest the end product of the reaction to be an oxidation product the 
enrj me is referred to as quinine oxidase * 


77 



78 


F. E. KELSEY AND FIL^NCES K. OLDHAM 


monkey, pig, steer, dog, chicken and frog show little or no activity under the 
conditions of these experiments. A small but definite conversion occurred with 
fresh human liver. The amount of liver available was insufficient for quanti- 
tative analysis. 

The data obtained for the activity of cnzjTnatic tissues other than the liver 
arc presented in tables 3 and 4. From Table 3, it can be seen that many of the 

TABLE 1 


The quirwne oxidase activity of the livers of various species expressed as per cent destruction 
of OJ mgm. of quinine and added to each after one or six hours^ incubation at S7^C. using 
OSf 1,0 and S.O grams of tissues 


SPECItS 

OTS. IKCUBATION 

0.2 cus. 

1.0 CJ£S. 

2.0 cus. 

Rat 

1* 

50 

95 

95 


6 

S7 

97 

9S 

Mouse 

1 

10 

42 

55‘ 


6 

19 

88 

91 

Cat 

1 

26 

41 ! 

17 


6 

23 

63 

16 

Guinea pig 

1* 

0 

10 

12 


6* 

8 

35 

45 

Monkey 

G 

9 

18 

17 

Pig 

1 

0 

20 

13 


6 

8 

20 

13 

Sheep 

6 

0 

0 

10 

Steer 

1 

0 

0 

i 0 


6 

0 

8 

18 

Dog 

C 

0 

0 

0 

Chicken 

6 

0 

0 

0 

Frog 

i ^ 

0 

10 

7 


• Average of two experiments. 


TABLE 2 

The gujnxne oxidase activity of the liver of the rabbit expressed as per cent destruction of O.t 
mgm, 5«tn:ne after one, six and twelve hours incubation at S7®C., 
using 0.02^ O.OL 0.06 ^ 0.08 and 0.1 grams of tissue 


HOUIS INCtTBATION 

1 

0.02 cus. 

- - - i 

0.04 cus. 

0.OQ cus. 

0 03 cus. 

O.I cus. 

1 

18 

37 

51 

63 

78 

6 

54 

82 

95 

9S 

100 

12 

69 

94 

100 

i 100 

100 


rabbit tissues have the ability to convert quinine, though none to the extent of the 
liver. The lungs, kidneys, uterus and heart are the most active, followed by the 
leg muscle, small intestine, spleen and adrenals. No activity could be demon- 
strated in the brain, large intestine and fetal and maternal placentas. Whole 
blood showed onl}" slight activity, 2.0 grams converting about 15% of the added 
quinine. 

In the other species examined, slight activity was seen in the lungs and kidneys 
of the rat and guinea-pig, in the lungs of the mouse, and in the kidney of the 
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TABLE 3 

The qmmnc oxidase actnity of tissues of the ra66t< expressed as per cent destruction of 0 i 
mgm of quinine after one and six hours incubation at S7*C No acitttly could be demon 
strated tn the brain, large gut and fetal and maternal placentae Theblood shoxced only a 
sLfrbI tendency to split quinine 


OSCAH 

HUS mCTBATIOV 

OJ cus 

lOCU 

3 0 cus 

Lung 

1* 

1 13 

59 1 

64 


6 

35 

97 

97 

Ividney 

1* 

5 

35 

45 


1 ^ 

16 

80 

84 

Uterus (non pregnant) 

I 

9 

24 

46 


6 

13 

78 

96 

Uterus (pregnant) 

1 

11 


75 


6 

22 

85 

05 

Heart 

1 

0 

18 

36 


6 

5 

50 

; 6S 

Leg muscle 

6 

9 

25 

34 

Small Intestine 

!• 

0 

20 

20 


6 

0 

25 

37 

Spleen 

!• 

7 

24 

27 


0* 

16 

48 

48 

Adrenals 

1* 

5 

20 

20 


6 

20 

46 

51 


* Average of t\\o or more expenmente 


TABLE 4 


The quinine oxidase actnxty in the tissues of larious species The figures denote the percent 
destruction ofOl mgm of guintne after G hours tncwbaiion at 57®C with 2 grams of tissue 


SPzaEs 

LUVG 

KUHEV 

1 SUALL IKTCSTINX 

BKAIK 

Rat 

18 

IS 

0 

0 

Mouse 

15 

0 

0 

0 

Guinea pig 

12 

20 

0 


Dog 

0 

0 

0 


Cat 

0 

0 

0 


Monkey 


0 



Chicken 

0 

30 

0 

0 


TABLE 5 


The amount of gumme in mgm /kg one hour after the tntraienovs injection of 10 mgm /kg of 
gtitnine as the hydrochloride 


SPOTES 

inTE* 

lUNG 

KIPNEV 

0EAmX 

1 Spleen | 

UVSCLE 

1 BILE 

Rabbit (normal female) 

0 9 

66 6 

4 8 

2 5 

12 1 1 

1 5 

6 2 

Rabbit (at term) 

2 8 

32 2 

6 7 

2 5 

3 9 

1 4 

4 0 

Dog (normal female) 

23 1 

34 2 

12 4 

7 8 

32 

3 8 


Dog (at term) 

8 3 

39 5 

15 8 ! 

8 7 i 

28 

3 6 

10 1 

Chicken (av of 6 birds) 

22 

13 1 

17 

10 

21 

5 

; 29 
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chicken. Small intestine and brain showed no activity. These results are 
somewhat at variance with those of Lipkin (3) and of Anderson and Andrews 
(G)* Anderson and Andrews reported quinine-splitting activity in unstated 
amounts in the brain, intestinal wall and kidneys of mice while Lipkin obtained 
GG.7G% dost met ion of 12.3 mgm. of quinine by the small intestine of the guinea- 
pig and complete destruction of 4.G ragm. of quinine b 3 ’ the large intestine of the 
rabbit. 

Tiiat the rate of disappearance of quinine injected into the living animal is 
related to the amount of quinine oxidase of the tissues is suggested the data 
presented in table 5. In each case the animal received 10 mgra,/kg. intraven- 
ously' of quinine as the hydrochloride, and one hour later the tissues were analy'sed 
for quinine. Witli the exception of the lung, the concentration in the tissues of 
the rabbit was in every instance lower than that in the corresponding tissues of the 
dog and chicken. This is most striking in the case of the liver which in the 
rabbit contained only very' small amounts of quinine, suggesting a high rate of 
destruction. Support for this view comes from the data for the quinine content 
of the bile, which is appreciably higher in the chicken and dog than in the rabbit, 
indicating that in the case of the first two, more quinine is excreted in unchanged 
form. 


SUMMARY AND CONCLUSIONS 

The quantitative distribution of the quinine oxidase has been studied in tissues 
of various animals. The rabbit contains the greatest amount of the enzymic of all 
species studied, the liver being especially rich. The rat liver shows about 50% 
of the activity^ of rabbit liver and the mouse somewhat less. Cat and guinea-pig 
livers show appreciable amounts but those of the monkey', pig, steer, chicken, 
dog and frog show little or no activity. Some activity' was apparent in human 
liver. 

Most other tissues of the rabbit contain the enzyme, the lungs, kidney' and 
'uterus being especially' active. Xo activity' could be demonstrated in the brain, 
large intestine, and fetal and maternal placentas. The blood sliowcd slight 
activity'. 

In the other species studied, the lungs of the rat, mouse and guinea-pig, and the 
kidney of the rat, guinea-pig and chicken showed slight activity'. 

The rate of disappearance of injected quinine is probably determined to some 
extent by' the amount of quinine oxidase present. 
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In the preceding paper, we have described the relative abibty of tissues of 
various species to destroy quinine in vitro (1), The rabbit sho^^ed the greatest 
activity in tMs respect, the liver being an especially rich source of quinine oxidase. 
Furthermore, evidence was presented to show that the rate of disappearance of 
injected quinine is probably determined to some extent by the amount of enzymo 
present 

Recent studies by Burton and Kelsey (2) have shown that when quinine is 
injected intravcneously into rabbits during various stages of pregnancy, the 
concentration in the maternal liver increases as term approaches. The follow ing 
studies were undertaken to see whether the activity of quinine oxidase in vitro 
was affected by pregnancy, and to determine the time of first appearance of this 
enzyme in the young. 

Material and methods Seventeen rabbits rauging from 20 days of pregnancy to 42 
days post par turn and 9 non-pregnant and non nursing controls were used in these experi- 
ments The animals nere sacrificed without anesthesia, the hver removed, weighed, 
blended m a Wanng blender with 4 volumes of Ringcr-Locke solution and filtered through 
seieral thicknesses of gauie Aliquots ranging from 0 5 to 5 0 cc (0 1-1 0 gm hicr), were 
added to lOO cc beakers containing 10 cc of a quinine HCI Ringer-Locke solution repre- 
senting 1 mgm of quinine as the free base together with sufficiently more Ringer-Locke to 
make a total volume of 20 cc The samples were rotated to ensure mixing and incubated 
at 37®C for one hour and then analysed for quimne by the micromethod of Kelsey 
and Gelling (3) \11 samples were analysed in duplicate In all cases, recovery from 

unincubated samples was within 5% 

To afford a basis of comparison, a standard reference curve was prepared as follows 
Approximately 10 grams of liver were taken from each of 8 non pregnant rabbits and the 
total blended with 4 volumes of Ringer-Locke solution and filtered through gauze Closely 
spaced aliquots ranging from 0 1 to 3 0 cc were incubated as before with 1 mgm quimne 
samples and the percentage destruction of quimne determined in each This was plotted 
against the amount of tissue in grams The resulting curie is illustrated in fig 1 In 
order to express the activity of the various livers in terms of the standard, amounts giving 
between 20% and 80% destruction w ere expressed as percent of the amounts of pooled hver 
giving a similar destruction The several values for each animal were then averaged and 
the average deviation determined In no case did this exceed 10% 

In determining the first appearance of the enzjTne, we removed livers from the fetuses or 
the j oung of the x arious mothers In the case of verj” small animals, the livers of the entire 


* This work was aided in part by a grant from the Dr. Wallace C and Clara A Abbott 
Memorial Fund of the University of Chicago Tlie w ork w as done under a contract, recom- 
mended b> the Committee on kledieal Rese.xrch, between the Office of Scientific Research 
and Development and The University of Chicago 
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litter were pooled. The activity was determined as with the maternal livers except that 
in some eases only 0.1 mgra. of quinine was used. The s>Tnbols 0, ± and 4- indicate that 
1 gram samples gave a destruction of loss than 5%; between 5 and 13%; and between 13 and 
20% respectively. 

Results and discussion. The results of these experiments show a verj' dis* 
tinct drop in the enzjTnatic destruction of quinine during late pregnancy and 
during the early post-partum period (table 1). At 20 days pregnancy one rabbit 
showed a considerable fall in activity while two showed normal activity. At 20 



Fig, 1. The Relationship between the Amount or Liver in Grams and the Per Cent 
Destruction of 1.0 Mgm. of Quinine in a Total Volume of 20 Cc. after 
1 Hour Incubation at 37® 

days, all rabbits examined showed less than 50% activity, and at 29 days and term 
less than 25% actu'it 3 ’' was found. The rabbits examined one and two daj’^s after 
deliver^’ are not in good agreement: in both cases onh' one of each pair was low in 
activity'. Activity was still Ion* in at least one of the animals IC da 3 's post- 
partum and at 32 da^^s post-partum. At 42 da^’s, the normal activity was 
restored. 

The lessened activity during late pregnancy is apparently due to a reduced 
amount of enz>’mc rather than to the presence of an inhibitory' substance. 
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Evidence for this v as obtained by studj mg the activity of a mixture of equal 
parts of the h\ er suspensions from rabbits no 9 and no 1C Subsequent analyses 

TABLE 1 


Tktquxnine destroying aelmly of non jiregnani -pregnant, and ■post parlum rabbits, expressed 
as the per cent aeltitty of the standard preparation {see^g 1) 


XASBIT NO 

bAYS 

tn CXKT 

Uateroal anloul 

ACTIVITY 

1 Offipnne 

Non pregnant 

1 


94 


2 


76 


3 


100 


4 


91 


6 


132 


C 


152 


7 


121 


8 


100 


9 i 


94 


Pregnant 

10 

20 

104 

0 

11 

20 

32 

+* 

12 

20 

113 

+* 

13 

26 

38 

0 

H 

26 

43 

0 

15 

26 

48 


16 

29 

22 

+• 

17 

at term 

19 


18 

at tcixo ^ 

22 , 


Post partum 

19 1 

1 

i 72 


20 

1 

! 21 

zk 

21 

2 

, 73 

30 

22 

2 

16 

db 

23 

16 

41 

42 

24 

16 

71 

13 

25 

34 

60 

55 

26 

42 

no 

39 




48 




' 130 




47 


* Using 0 1 mgm of quimne 


showed that the mixture had an activity of 63% wluch is the activity to be e\ 
pected from such a mixture providing no inhibition occurs 
In regard to the appearance of quinine oxidase in the offspring, little or no 
activ ity w as present before birth In one of each of the 2 and 16 day j oung, and 
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in all older litters, appreciable activity ^Yas present though even by the 42nd day 
after birth it had not, except in one instance, reached tiic activity of the non- 
pregnant adult. The enzyme apparently' appears shortly after birth but its 
maximum elhciency has not been attained until after the animals arc weaned. 

Tiie reduced ability of the rabbit liver to destroy quinine in vitro during the 
later days of pregnancy agree with the findings of Burton and Kelsey (1), These 
investigators administered quinine to rabbits throughout pregnancy and an- 
aly'sed the tissues to study its distribution. They found that during the third 
trimester, the liver of the mother contained appreciably more quinine than during 
the earlier stages or than in the liver of non-pregnant animals. In view of our 
findings regarding enzynne activity', this increased accumulation of quinine during 
late pregnancy may' be due to a decrease in enzynnatic destmetion of the drug. 

The regularity with which this cnzy'me can be demonstrated in the rabbit liver 
contrasts with the findings of various investigators (see Bemhcim and Bernbeim 
(4)) on the esterase splitting atropine, which is foxmd in only’ approximately' one 
rabbit out of three. The non-pregnant control animals (table 1) show a rather 
surprisingly' similar activity especially when one considers that the animals were 
not all of the same strain and the experiments were done throughout the year. 
In addition, we have examined a number of male animals and have found that 
these also exhibit an activity approximating that of the standard preparation. 
Care was exercised to use only healthy' animals since in two animals showing 
severe parasitic infections of the liver, one with chronic hepatitis due to round 
worm infestation, the other with adenomatous proliferation of the bile ducts due 
to coccidiosis, the quinine oxidase activity' was 37% and 69% respectively' that of 
the standard preparation. 


StJMMARl' 

The ability' of rabbit liver to oxidize quinine was studied in normal animals and 
in animals in various stages of pregnancy. In normal animals, the enzyme is 
present in rather constant amounts but becomes considerably reduced during late 
pregnancy and during the early post-partum period. This difference appears to 
be due to a reduction in the amount of enzyme present rather than to the presence 
of an inhibitory substance. 

The enzy’xne can be demonstrated in y'oung animals shortly' after birth but is 
not foxmd in amounts comparable to that of the normal adult until after the 
weaning period. 
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We recentl> reported a sjsteraatic studj and interpretation of the relation of 
molecular structure to the rate of oxidation of phenolic sjunpathomimctic amines 
by phcnolase (1) That such a relationship did exist and as readily interpreted 
on a physical chemical basis encouraged us to determine ^\hcther this same ap- 
proach could be extended to another enzymic reaction 

The purpose of this research has been, then, to determine i\hether there existed 
a sj'stematic relationship of structure to rate of deamination of sympathomimetic 
anunes in the presence of aminase ’ We ha\ e also offered interpretations of our 
obser\ ations, where\ er possible 

Procedohe Twenty two sjTnpatbomjmetic amines were studied m the course of this 
research They w ere 

1 ^ phenjlethylamine 

2 methylphenjlethj famine 

3 dimethylphcnylcth>l amine 

4 ^ phenjlethjlmcthylamine 

5 0 methylphenylethylmethylamine 

6 ^ 3 dimethyl phcnjlctbylmethylaminc 

7 /3 phcnylethjldimethjlamine 

8 ^ methylphenylethyldimcthylamine 

9 ^ dimethylphenjicthyldimethylamine 

10 y phenylpropjlaraine 

11 phenyl hydroxy ethylami no 

12 p(4 hydroxypheny I) cthylamine (tyramine) 

13 0 (4 hydroxy phenyl) ethylmethylamine 

14 0{A hydroxyphenyl) cthyldimetliylamine (hordcnine) 

15 d{4 hydroxyphenyl) 0 hydroxyethyl me thy] amine (synephrine) 

16 /9(3 hydroxyphenyl) p hydroxy cthylmetliylamme (neosynephrine) 

17 p(2 hydroxyphenyl) ethylomine 

18 0(2 hydroxyphenyl) ethylmethylamine 

19 0(3 4 dihydroxyphenyl) ethylamine 

20 0(3,4 dihydroxyphenyl) ethylmethylamine 

21 0(3,4 dihydroxyphenyl) 0 hydroxy ethylmethylamine (adrenalin) 

22 0(3 4 dihydroxyphenyl) 0 hetocthylmethylamine (adrenalin ketone) 


* The term sympathomimetic amino has been used in this paper to include compounds 
having a basic phenyl ethylamine structure (except m one instance) and m general, but not 
invariably , possessing pressor properties 

* Present address The Department of Pharmacology and Nutntion, \redtcal Research 
Division, Sharp and Dohme, Inc , Glenolden, Pa 

* Not included in this report are any compounds having an aliphatic isopropylamine 
side chain such as propadnne ephedrine and amphetamine These have been amply proved 
not to be deaminated by aminase under conditions similar to these experiments (2, 3 4) 
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The AVrirburg apparatus was used for the manomctric measurement of ox>»gen uptake 
during the deamination. The temperature of the bath was 3S.4^C. The flasks were shaken 
at a rate of 100 times per minute and at a stroke of 4 cro> The flasks contained : 

1,7 cc, liver homogenate (nminaso) 

O.I cc. M/25 NaCK (fresh) 

0.2 cc. M/4 amine (or water for controls) 


2.0 cc, total volume 

The aminasc was actually a homogenate of guinea pig liver since no attempt was made 
to isolate the enzyme from the tissue except in a few specific instances.* The liver of a 
healthy young guinea pig was removed immediately after killing the animal by a sharp blow 
on its neck. The liver was washed in cold water to remove bIood» the heavy connective 
tissue of the bile ducts cut away and the organ weighed. The liver was cut into small 
pieces and homogenized thoroughly for 20 minutes with a little powdered glass and an equal 
wcight'Volumc of distilled water, using the Potter and Elvehjem technic (5) for the homo- 
genization. The long period of homogeniz.ation was to permit the cells to rupture or their 
permeability to he altered by the distilled water. Another weigh t-volumc of M/8 sodium* 
potassium phosphate buffer, pH 7.2, was then stirred into the homogenate and the sus- 
pension strained through muslin. This gave a veo' active Hv^cr suspension which did not 
tend to settle out rapidly. For the experiments such as were portrayed in the illustrations 
i/iis liter homoffcnate tt(ts alii'ays used immediately after it was yrepared. For us this factor 
ol freshness of the pTeparalion was of the greatest importance for ike obtaining of uniformly rc- 
producihlc and intcrpretahlc results. Before we recognized tins fact practically all our 
earlier experiments wore performed using homogenates that had been allowed to remain 
in the refrigerator at 0*C. for 12 to IS hours before use, TJiis latter procedure gave liver 
preparations having even more vigorous oxj'gcn uptakes in the presence of many of (hose 
nmincB found to be oxidized, notably in the ease of phenylethylaminc added as a substrate. 

However, the character of the curves representing the rates of reaction and the oxygen 
uptakes per mol. of substrate indic.atcd that much more than simple deamination was 
taking place. We were not certain of the reactions we were measuring. Consequently we 
have discarded from this report all early experiments and have presented only the work done 
using the aminase preparations as first described above. IVe believe that this s.amc physi- 
ological factor is primarily responsible for certain qualitative diflerenccs behveen our 
results and those rccentl}^ reported by AlJes and Heegaard (G) who described and used 
aminasc preparations which were almost necessarily ov'er 24 hours old. We have not found 
it necc.ssary to place as great emphasis on unrelated fluctuations of the rate of oxidation of 
various amino compounds with alterations of pH of the medium or other less determinable 
factors. 

Six to ten or more determinations were made of the rate of deamination of each of the 
amines listed. The compounds were arranged into groups of four representing related 
alterations in the molecular and comp.'ired with tyaniine which was always used as a refer- 
ence compound. The experiments were run in duplicate for each amine at a giv'cn time. 
Ffoah sodium cyanide was used to fix the aldehyde, abolish the cyanidc-.scnsitivc respiration 
of the tissue, prevent autoxidation of the compounds, and rule out any effect the compounds 
might have on the cyanide-sensitive metabolic systems in the cells. Proof that the pur- 

*To make sure that an adequate concentration of enzyme was outride the cell a few 
preparations were centrifuged to remove the colls from the suspension. The supernatant 
liquor catalyzed the oxidation of phenylethylaminc and tyraminc at the same rates as the 
whole liver suspeiwion, demonstrating that availability of the enzyme due to differences of 
cell permeability to the amines was not a limiting factor in the rates of deamination in these 
studies. 


DEAMIVATION OF AMINES 


87 


poses of the NftCN were adequately sen ed was the almost stocluomctnc uptaho of one atom 
of Oi per mol of substrate where the deamination was permitted to go to an end Filter 
paper saturated with 10% KOI! was contained in the center cups of theflashs Datarepre 
sented in all the figures ha\ c been corrected for the residual 0» uptake of the duplicate 
control liver homogenates In these controls there w as substituted for the 0 2 cc solution 
of the substrate a corresponding volume of water Duplicate control determinations of 0* 
uptake of the homogenates were fun each time a Marburg experiment was set up, even 
though only 2i to 3 hours raaj have elapsed from the beginning of the first of two sets of 
determinations to the beginning of the second m which the same homogenate was refnger 
ated at 0"C between experiments 

Experimental results Under the conditions outlined above wo hate ob- 
tained easily reproducible results having a low percentage t anation from c\]ien- 
raent to expenment This method jields oxygen uptakes of one atom (ap- 
proximately 139 c ram ) per molecule of compound deaminatcd, where deamina- 
tion took place and the reaction w as permitted to go to an end The equation for 
this reaction was 

CH,— CHj CHj— CH 

I /\ 11 

NHi + iOs aminase | ] NH 

^ I I +H,0 

OH 

From a first glance at the figures representmg the rates of oxidation of these 
compounds it would appear that almost any substitution into the phenjlcthjl 
amine structure altered the rate of deamination in an unpredictable manner 
Howexer, careful stud} of these curves will rex eal a x ery systematic relationship 
of structure to rate of reaction T. he compounds have been grouped according to 
the wa} they fit into certain general patterns of the structure rate relationship 
jS Phenylethylmcthylamtnes were more rapidly deaminatcd than /3 pkcnylethyU 
amines To substantiate this generalization compare the curves in figure I of 
^ phenylethylmethylamine (3) xxith 3 phen}lethy]ammc (d) The secondary 
ammo compound xias completely deaminated m about 90 minutes whereas the 
pnmar} ammo compound x\as only about 26% oxidized m 2 hours On com- 
panng/3 mcthylphen} lethylmeth} lamme (3) xxith $ meth} Iphcnylcth} larainc {G) 
it may be seen that much the same relation holds as for the abox c compounds 
Comparing /3,|3 dimethylpheny lethylmeth} lamme (7) xvith 0,^ dimeth} Iphenyl- 
ethylamme (5) it is apparent that the rate of reaction xvas xcry slow for the 
secondary amme but that the corresponding pnmary amino compound xxas not 
deaminated over a period of 2 hours to any measurable extent 
Compounds haitng an unsuhsliiuted phenyl miefews heia to the amino group had a 
slower rate of deamination than the corresponding amines having a para phenolic 
nucleus Rate of deamination of 0 phenylclhylamtnes was further increased by the 
addition of an aliphatic hydroxyl group or tnhihiied by the addition of Itoo methyl 
groups to the beta carbon atom Compare all the curxes m fig 1 to that for 
tjramme (I) and to the curxes for the compounds illustrated in figure 2 In 
exer} instance, xxhere there xxas no aliphatic h} droxyl group the compounds Imv- 



CHa— CH 

n ^ 

I I +NH, 
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mg a para phenolic nucleus \\crc more rapidly deammated than those having no 
hjdroxyl group on the benzene ring This was not because of an oxidation of the 
phenolic h>dro\>l group, for the total 0^ uptake did not differ significantly from 
that of other phen>l dernativcs whose deamination went to completion in two 
hours Nor w as the difference due to a\ ailability of the enzyme to the substrate 
because of differences m cell pemicabilitj to these compounds Al^o the known 
phenolascs aic cyanide sensiti\c 

Comparing the cuncs for y phenj Ipropylamine (o) with p phenj lethylaminc 
(6), figure 1, the effect of the pro\imit> of the benzene rmg to the ammo group on 
the rate of deamination is evident However, it would be unwarranted to con 
elude that the rate of deamination increases progressively as the distance between 
the aromatic nucleus and the ammo group increases Ethjiamvnc and propyl 
amine are not deaminated by amma'^e (2, G) 

^ Phenylethanolamme was consistently deaminated more rapidly than /S 
phenjlethjlamme—see figure 1 When tw o methjl groups were substituted on 
the carbon atom hela to the ammo group the rate of deamination was markedly 
reduced To substantiate this the rates of reaction for p phenylethj laminc (^») 
ma> be compared with i8,jS dimethjlpbenjlcthjlamine (5) and ^phenylethjl 
methjlammc (S) with /3,0 dimcthjlphcnjlethylmcthylaminc (7) in figure 1 
As the position of the single aromatic hydroxyl radical approached the side chain 
from the v to o position the rate of deamination of the aliphatic amino group dim 
tnished These comparisons are made m figure 2 Considering first the com 
pounds hax mg a para phenolic nucleus, the rates of oxj gen uptake bj the pnmary 
and secondary ammo compounds (curves 1 and 2) were essentially the same 
This is to be contrasted w ith similar observations for the homologous compounds 
having no hydroxyl group on the nucleus In the case of these compounds the 
aliphatic hydroxyl group significantly decreased the rate of deamination of the 
side chain (Compare curve 2 with curve 3, figure 2 ) 

Unfortunately we have no absolute comparisons of the rate of deamination of 
mefa hydroxyphenyl with para hydroxyTihenyl compounds The comparison of 
the rate of deamination of synephrm (S) v\ ith ncosynephrm {Jf) is complicated by 
the presence of the ahphatic by droxvl group on the same C atom as the phenyl 
nucleus We w ould expect this aliphatic hydroxyl group to influence matenally 
the difference betw een the rates of deamination of the para and meta phenolic 
derivatives However, the influence of the change in position of the aromatic 
hydroxyl group on deamination persisted in spite of the character of the side 
chain, for the rate of oxidation of symephnn (S) was mvariablv greater than for 
neosynephrm (4) The difference was slight, as was to be expected The 
important point is that the difference actually existed 
The more clearly demonstrable differences m rate of reaction of para and ortho 
phenolic homologs is consistent with the decrease m rate of deamination of a 
meta phenolic compound as compared with its para phenolic homolog One has 
only to compare curve (f) with curve {6) and {2) with (5'), figure 2, to note this 
marked reduction in rate of deamination of the ortho hydroxyphenylcthylammo 
compounds Hero again, as the influence of the phenolic group decreased the 
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difference in rate of reaction of the primary and secondary amino compounds be- 
came apparent. (Compare curve 5 with curve 6, figure 2). 

The catalytic effect of aminase on deamination of tertiary amino compounds was 
studied but not recorded in the figures. The compounds used were 1) jS>methyl- 
phenylethyldimethylamine, 2) ^^jS-dimethylphenylethyJdimeth^damine and 5) 
P(>f-hydroxyphenyi)-ethyldimethylamine (hordenine). None of these com- 
pounds was deaminated in the presence of aminase at a rate measurable by our 
methods. Looking back at the equation for the deamination of these compounds 
it is apparent that it would be difficult for tertiary amines to be converted into 
the corresponding imino compound durmg the reaction. The methyl groups 
would be unlikely to combine with oxygen under these conditions as hydrogen 
ions are known to do. 

SymyathomimeHc amines having a catechol nucleus and a ^-phenylethylamine side 
chain were rapidly deaminated in the presence of aminase. Comparing the rates 
of reaction of compounds in figure 1 with the curves for similar amines in figure 2 



ViG . 3. The Reea^tion of Substitutions into the Side Chain on the Rate of Oxygen 
Uptake in the Deamination of 3,4-Dihydroxyphenolic Symfathometic Amines 

and these in turn with the compounds represented in figure 3 one outstanding 
generalization seems permissible. In general, )5(;^-hydroxyphenyI)-ethyIainiiies 
were deaminated more rapidb’’ than )5-phenyIethyIamines and /3(S,^'dihydroxy- 
phenyO-ethylamines were more rapidly deaminated than the corresponding 
mono phenolic compounds. 

Just as was noted for the previous groups of compounds, the aliphatic hydroxyl 
group diminished the rate of deamination of adrenalin (5) as compared with 
epinine (!) which does not have this radical in its molecule. Consistent vnih this 
observation, the ketone of adrenalin (4) was more slowly deaminated than was 
adrenalin [6) itself. As in the case of the para phenolic homologs, there was no 
appreciable difference in the rate of deamination of the primary and secondary 
amino compounds having no aliphatic hydroxyl or ketone substitutions, curves 1 
and 2, figures 2 and 3, The slightly greater than theoretical oxygen uptake for 
these catechol compounds is probably due to some autoxidation in spite of the 
presence of cyanide. 
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iNTEnpRETATiONS Such a 5} stcmatic relationship between molecular struc 
ture and rate of enzymic deamination of sjTnpathomimetic ammes has not been 
recogmzed heretofore Though our observ ations are of an ordcrl j arrangement of 
reaction rates according to structure, the interpretation of mtramolecular forces 
AN hich determine our results is quite difTicult and is not yet complete To explain 
our findings N\e ha\ e turned to the phjsical aspects of organic reactions and our 
limitation has been the inadequacy of information m the field Nihich Nve have 
found applicable to this problem We are primarily concerned here with the 
rate of oxidation of primary or secondary ammo groups 
In considenng the difference m rate of oxidation of pnmary and secondary 
ammo compounds we must recognize that here we deal with two different but 
similar ty^pes of substrate It is mfrequently recalled that a secondary amine 
may correctly (7) be considered to partake of the nature of an imino group, 
=NH Referring back to the equation for the deamination of primary amines 
it Will be seen that the first step in their deamination is the oxidation to the 
corresponding imino compound This tyqie of imino group, where both the 
covalent bonds are shared by a smgle carbon atom, is quite unstable and under- 
goes spontaneous hy droly sis m the presence of w ater with the splitting off of am 
moTiia In the case of secondary amines where tw o co\ alent bonds of the immo 
group are shared by different carbon atoms this bonding influence is greater than 
where they arc shared by a single carbon atom This tends to make for a 
somcNNhat greater stability of the molecule m the latter instance Howe\er, as 
the cur\es in figure 1 illustrate, the unino nature of the secondary amines was 
consistently evident for these compounds w ere more easily oxidized (rate of reac- 
tion was faster) than were the pnmary amino compounds 

Because of their relative lability, the reactivity of the secondary ammo com 
)iouuds was influenced more easily and to a greater extent than the primary 
amines by changes m the side chain, figure 1 It should be noted that the 
initial rate of deammation of 0 methjlphenylethylmethylamme was greater than 
for /3 pheny lethyhnethylammc Nvhereas the rate of reaction of the corresponding 
pnmary ammes was so nearly the same as to be reproducible by a single curve, 
figure 1 The addition of a methyl radical to the beta C atom com ey s to it the 
properties of an asymmetnc C atom It is the asyunmetry of this C atom which 
confers on the unrno group its greater labihty , yet this effect is so slight as not 
appreciably to influence the reactivity of the ammo group of the p methyl phenyl 
ethylamine 

When a second methyl group was added to the beta C atom as in p dimetliyl 
phenylethylamine and ^,0 dimethylphenylethylmethylamme, it conferred on 
that C atom the greatest symimetry , and hence stability, of the molecule possible 
w ithout replacing the phenyl rmg by CH3 or by substituting 3 pheny 1 nngs about 
this C atom Because of this increased stabihty these tw o compounds reacted to 
deamination more nearly as would ethylamine and ethylmethylammc respec 
tivcly It IS know n that ethylamine is not deaminatcd in the presence of amin 
ase (2, 6) The immo charactenstic of the secondary ainme persisted m this 
case but even so its reactivity was reduced to a rate of 27 c mm ox'ygen uptake 
in two hours 
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The aliphatic hydroxyl group of /3-phenyl-j9-hydroxyethylamme produces an 
asymmetry of atoms or groups about the C-atom 6e/a to the amino group. The 
effect of this asymmetric arrangement on the reactivity of the amino group is 
complicated by the fact that the hydroxyl group carries with it a dipole moment 
of approximately equal magnitude and opposite sign to that of the primary amino 
group. Actually, at least three factors together determine the rate of deamina- 
tion of this compound: 1) the proximity of polar groups of opposite sign, 2) 
the magnitude of the asymmetry about the beta C-atom, and 3) the presence of 
equal quantities of optical isomers in the synthetic compound used for these 
studies. The first factor would in itself tend to slow the rate of deamination 
since the resultant moment decreases to approach zero when polar groups of 
opposite sign approach each other. However, the position of the aliphatic hy- 
droxyl group is such as to produce a much greater degree of asymmetry about the 
beta C-atom than was present when the relatively non polar methyl group was 
present in this position. This greater asymmetry would in itself increase the 
lability of the amino group. In synthetic compounds of this type the factor of 
optically active forms tends to cancel itself. The resultant of these complex 
internal forces was to produce only a moderate increase in reactivity of the 
^-phenyl-fl-hydroxyethylamine. 

To explain the greater rate of deamination of y-phenylpropylamine than of 
/?-phenylethylamine we must consider the effect of the introduction of a benzene 
ring into the molecule on the reactivity of an aliphatic amino compound. Neither 
ethjdamine nor propjdamine is deaminated in the presence of aminase (2, G)'. 
The aromatic nucleus, of itself, has no appreciable dipole moment but when it is 
substituted into a saturated aliphatic compound it produces a degree of asym- 
metry which influences the polarity of other groups in the molecule. This 
effect of the aromatic nucleus is acyclous, activating an electron drift toward it 
from the amino nitrogen, decreasing the bonding attraction between nitrogen and 
the proton hydrogen, hence facilitating the transfer of 2 hydrogen atoms to 
oxygen in the presence of aminase. The magnitude of this intramolecular effect 
is increased somewhat when oppositely polar groups are separated each from the 
other’s immediate field of attraction, as one or two carbon atoms. This latter 
fact is borne out by, or may be used to interpret out observations of, the slower 
rate of oxidation of ^-phenylethylamine than y-phenylpropylamine. 

The markedly greater rate of deamination of the p-hydroxyphenylethylamines 
over their counterparts having no aromatic hydroxyl group may be visualized 
fairly simply as follows. The aromatic hydroxyl group possesses an inherent 
dipole moment opposite in sign and of similar magnitude to that of the amino 
group. The phenolic ring as a whole may be considered as assuming the polarity 
of the hydroxyl group. But, where the phenolic nucleus is attached to a side 
chain the magnitude of the moment exerted by the hydroxyl group, hence the 
whole nucleus, varies with its position with respect to the oppositely polar side 
chain. Consequently the molecular moment of the compound is determined by 
the vector addition of the polarities at the two points of substitution on the ring. 
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The formula (8) for this is 

^ “ V^/il + pj + 2/xi cos 9 

where is the molecular moment m this case, m, the moment of positive sign due 
to the side cham, m is the negative moment of the hjdroxyl group and 9 is the 
angle separatmg the tuo poles as determined by the ortho, meta or para position 
of the hydro\>l group Bj assigning an arbitrary \alue of + 1 X 10“^* to the 
side cham (tii) and the determmed \ alue of 1 83 X 10~^* to the OH group (n-) it 
can be 5hoi\ n that the moment fi decreases as the hydroxyl group approaches the 
side chain from the para to the ortho position 
The negati\ e polar influence of the phenolic ring, then, is of greatest magnitude 
for the para compounds and least for the ortho homologs This negative pole is 



Fig 4 Demonstr^^tino That the EnzYiiic Deamination of Structurallv Similar 
Monophenolic SrMPATHOiiiMETic Amines Wab a First Order Reaction, and That 

THE DlFFERSycS ZX PoSITZOif OF THE HtdROXTL GrOUP MaHXEOLT AlTEREO THE pATE 
BUT NOT THE CHARACTER OF THE REACTION 

Data for the coordinates of these curves Mere taken from the corresponding curves 
in figure 2 The initial concentration of substrate was 6 25 X I0“* mol 

electron attractmg and acyclous, %\hich causes an electron drift to it from the 
ammo nitrogen This effect is responsible for the decreased electromc stabilitj 
of the amino group, and the magnitude of this negative force or “electron smk” 
(9) determmes the rate of oxidation of that group ® When the hydroxyl group 
exists m the para position as m tyramine or p hydroxyphenj lethylmethylamme 
this electron smk is of such magnitude as to minimize the difference m rate of 
oxidation of the primary and secondary ammo radicals, as seen m figure 2 
It IS unfortunate that e do not ha\ e the meta hydroxy homologs uncompli 
cated by an ahphatic hydroxj 1 group Figure 4 illustrates that for the phenolic 
compounds having no aliphatic hydroxyl group the rate of oxidation is that of a 

♦ Another possible partial explanation for the low rate of reactivity of the o hydroxy 
compounds is that of hydrogen bonding beti\een the aromatic OH and the anuno group 
This 13 a frequent occurrence in homologous orthohydroxy compounds 
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first order reaction since the log of the concentration of substrate is a perfectly 
linear function of time. This figure also serves to dramatize the influence of 
position of the aromatic hydroxyl group on the magnitude of the electronegative 
polarity of the nucleus and the part it pla 3 ^s in determining the rate of oxidation of 
the amines. It should be noted in this connection, figure 2, that as the electro- 
negative influence of the ring decreased the difference in reactivity of the primary 
and secondary amino compounds again became apparent. )3-(o-h3^droxyphenyl)- 
ethylmethylamine was oxidized, i5(c?-hydroxyphenyl)-ethy]amine was not de- 
aminated at a measurable rate. 

What has been written for monohydroxy phenolic compounds applies also and 
to even greater extent for their homologs having an ortho dihydric nucleus. A 
comparison of figures 2 and 3 substantiates our interpretation that the greater the 
magnitude of the electron sink represented by the negative^ polar aromatic 
nucleus the greater the electron drift toward it from the amino nitrogen, the less 
the attraction between nitrogen and hydrogen and the greater the rate of oxida- 
tion of the amino group. 

We come finally to the compounds whose rates of reaction are most difficultly 
interpreted but easily anticipated from the previous discussion — phenolic and 
catechol homologs having an aliphatic hydroxyl or ketone radical on the carbon 
atom beta to the amino group. A really adequate interpretation of this in- 
hibitory effect seems limited by the complexity of the problem and our under- 
standing of the interplay of the intramolecular influences which determine rate of 
deamination of these compounds. Such an interpretation should consider I) 
the close proximity of the polar OH to the NHo or NH-CHs group of similar 
magnitude and qpposite sign, 2) the effect of the stereoasymmetr 3 ' introduced by 
the aliphatic hydroxyl group, S) a possible impedance by the aliphatic OH group 
of the electron drift from the amino group to the negatively polar phenolic or 
catecholic ring, 4) the effect of the aliphatic hydrox 3 d group on the negativity of 
the electron sink represented by the aromatic nucleus, and o) the effect of this 
electronegative nucleus on the as 3 Tnmetry of the side chain. Some of these fac- 
tors have been discussed by us in this and a previous publication (1). 

Consistent with the observation that an aliphatic h 3 ^drox 3 d group decreased 
the reactivity of phenolic pressor amines is another, that adrenalone, which has a 
ketone group beta to the secondary amino group, was deaminated at a slower rate 
than adrenaline (figure 3) . This was predictable, for an aliphatic h 3 "drox 3 'l group 
has a dipole moment of 1.83 X 10“^® e.s.u. whereas the moment of the correspond- 
ing ketone is 2.79 X 10“'® e.s.u. The sign of the moment is the same in both 
instances, hence the ketone should and did inhibit deamination to a greater ex- 
tent than the hydroxyl group. 


SUMMARY 

From our observations we have offered the following generalizations for the 
relation of molecular structure to the rate of oxidative deamination of s 3 Tnpa- 
thomimetic amines in the presence of aminase. 

1. "WTiere a difference in rate was measurable, secondary amino compounds 



DEAMINATION OP AMINES 


95 


were OMtlizcd more rapidly’ than the corresponding primary amino homolog. 
This difference in rate w'as minimized when there existed in the molecule a para 
phenolic ling or a S^^-diliydrox}’ catechol nucleus. 

2. Where there existed an asymmetiical beta carbon atom in the side chain, due 
either to a single methyl or hydroxyl group, the rate of deamination of the primary 
or secondary amino group w as increased. This generalization together w ith the 
next one was limited to compounds having no hydroxyl groups on the aromatic 
nucleus. 

3. Wliere two methyl groups existed on the 6e/a carbon atom, reducing its 
asymmetry, the rate of deamination w’as markedly reduced. 

4. Tertiary amino compounds w ere not deaminated to any measureable extent. 

5. Where a para phenolic radical existed in the molecule the rate of oxidative 
deamination w as markedly more rapid than for its homolog having no phenolic 
group. 

G. If the phenolic group was shifted from the para to the ortho position the rate 
of deamination w as markedly reduced whereas the order of the reaction remained 
the same. 

7. There w as an increase in rate of deamination as one passed from the non- 
phenolic through the para phenolic to the 5,4-dihydroxy phenolic compounds 
having an identical side chain. 

8. \\Tiere an aliphatic hydroxj'l or ketone group w^as introduced on the carbon 
atom beta to the amino group of the phenolic pressor amines the rate of deamina- 
tion was reduced. This reduction in rate w’as greatest for the ketone of adrenalin, 
w hen one compared the rate of oxygen uptake for epinine, adrenalin and adrenalone 
(adrenalin ketone). 

Wherever posssible we have interpreted these reaction rates in terms of varia- 
tions of intramolecular electronic forces set up by substitutions into the funda- 
mental phenylethylamine structure. 

Acknowkdgcnwits. The author wishes to acknowledge the helpful criticism 
of this paper by Dr, W. J. Meek and Dr. Van R. Potter. 
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Although many studies have been made of the mechanism of diuresis, there 
has been no systematic quantitative study done on diuretics. Such an investiga- 
tion should include a determination of the dose-action relationship of various 
diuretics bj’’ a reliable method, and an estimation of their relative potency with 
reference to a suitable standard To be of practical use in future studies, the 
method should be simple, accurate and applicable to a variety of substances A 
method using rats for the estimation of anti-diuretic potency has been described 
bj*^ Burn (1). This method, or a slight modification of it, has been used for 
diuretic assays by Marx (2), Herre (3), Jaretzky and Neuwald (4), and Vollmer 
(5). Controversial results reported m the last two citations clearly deraoustrate 
the inadequacy for this purpose of the anti-diuretic assay method, which is 
devised for the measurement of a decrease in urinary excretion and requires a 
normally high excretion of urine. For the measurement of an increase, it is 
desirable to have the normal urinarj' excretion at a minimum 

In this paper a method suitable for diuretic assays will be described, and some 
results of its application to the study of several diuretics, most of which are in 
common use, will be presented. 

Method The procedure to be described for the determination of diuretic potency of 
drugs differs from Burn's in four important points* (1) the amount of liquid fed is reduced 
to half of that used m the antidiurctic method (i e , 25 cc /kgm instead of 50 cc /kgm ); 
(2) Isotonic sodium chloride solution rather than tap water is used for feeding, (3) the num- 
ber of rats used for each dose is increased from four to eight, and finally (4) the total volume 
of excretion during a definite period of time, rather than the time necessary for the rate of 
excretion to reach a maximum, is taken as the measured variable As a result of these modi- 
fications, basal urinary excretion is reduced to a mirnmum, and variations among groups 
are reduced considerably 

Healthy male Sherman rats neighing 140 to 240 grams nere fasted for eighteen hours 
prenous to the experiment, and were then given the substance to be tested in proportion to 
their n eight When administered orally, the substance nas dissolved or suspended in 
isotonic sodium chloride solution at approximately body temperature, and fed to the 
ammals through a stomach tube After the feeding, the animals were placed in sub-groups 
of four in special metabolism -cages (Fig 1), and remained there without food or water for 
the duration of the expenment Tw o sub-groups were used for each dose At the end of a 
definite penod of time, the animals were taken out of the cages and the total volume of urine 
excreted by each group was measured For all of the substances investigated, except bis- 
muth potassium tartrate and salyrgan, a period of five hours was found to be adequate, as 
indicated bj a great decrease in the rate of excretion during the fifth hour Since, m the 
process of feeding, the animals lose all their urine, it was considered important at the end 
of the experiment to expel the urine from the bladders by pulling at the base of the tail 

In most experiments five groups of approximately equal weight were used One group, 
as a control, was fed normal saline solution. In most cases two groups were fed suitable 
97 
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doses of urea, and the remaining groups were given varying doses of the substance to be 
tested. The volume of urine excreted during five hours was in each case expressed as per 
cent of the liquid administered. 


This percentage gives a measure of urinary excretion independent of group weight, and 


may be used in the calculation of diitreftcach'on. 


n^i. X- XJnnary excretion m test group 

The ratio --rr': ^ 

Urinary excretion in control 


could be used as a measure of diuretic action for a given dose. In practice, however, it was 
found necessary to compare test groups receiving a new preparation with paraJleJ test 
groups receiving a standard drug. This reduces the variability materially. Since the 
same control group appears in the estimation of 'relative potency only as a constant term 
which would cancel out, it is simpler to use the percentage of urinary excretion for such 


estimates. The control then serves as a check on experimental conditions as in the assay 
of Vitamin A, but does not enter into the calculation of the relative potency. Diuretic 
aciiviiy is the diuretic potency of a substance referred to that of the standard, -urea, the 
activity of which is taken equal to one. Urea was chosen as the standard diuretic because 



Tig. 1, SKiiTCH ov thb Mutabousm Gxoti 

(1) Glass cylinders, 10 inches in diameter and 12 inches high; (2) circular wire screen; 
(3) rib funnel— I gallon capacity; (4) vaccine stopper with fine screen inset*, (5) glass tubing 
with joint; (6) volumetric cylinder. 

it is stable tn as well as in vitroy a relatively weak diuretic and nontoxic in very high 
doses. 

Bismuth potassium tartrate vras injected intraperitoneally in doses varying from 2.5 to 
50 mg./kg., and the proper amount of normal saline was administered orally following the 
injections. Salyrgan was injected in doses varying from 6 to 30 mg./kg.; and then normal 
saline or 1% ammonium chloride in saline (4.7 roiVI/kg.) was fed. Ammonium chloride was 
chosen for its well known potentiation of salyrgan diuresis (6). When it was used, deter- 
minations of diuretic action were made with reference to the urinary excretion of the group 
receiving ammonium chloride alone. With these two substances it was found necessary to 
keep the animals on test for approximately twenty -four hours. 

In each instance several experiments were done with three or four different doses of the 
« substance to determine the type of dgse-action curve to be obtained. B^ithin a fairly farge 
range of doses, most of the substandes jdelded an almost linear relationship between log 
dose and log effect. In several instances the curve was approximately linear only within 
the range of. very low doses. The best fitting straight line for each set of data was calcu- 
lated from the regression equation (1) 

y « y 4- b (x - x) 


(I) 
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\^hcrc y 15 the mean value of > (log effect), X the mean value of x (log dose) and b the re- 
gression coefficient db*orn med from the equation 


b 


2y(x — x) 
S(x - x)* 


( 11 ) 


In subsequent experiments the effect of two or more doses of the substance was compared 
with that of one of more doses of urea The dose action curves of the substance and of urea 

TABLE I 


of urtnary excretion among groups on same day 
Control rats, fed 25 cc /kgm of 0 9% NaCl solution 


tATS 

PCt 

CtOUF 

ZXtZK DATE 

Ntrw 
Btl 07 

eXOUPS 

VOt EXCIETED IV 5 BOUtS ^ 

UEIVAEV exceehon X 100 

Orlg nat data 

Mean 


mi 




4 

9-19 

4 

34 3 23 8 32 3 32 4 

30 7 


9-30 

8 

21 5 32 6 30 5 40 2 16 8 33 9 19 6 24 2 

27 4 


10-8 

8 

13 8 12 0 14 4 22 4 19 3 7 2 14 3 41 1 

18 1 


67 more exper 

2 



Average 

32 7 

8 

12-29 

2 ' 

23 0 29 7 i 

26 4 


12-31 

5 

30 4 23 3 43 5 40 8 41 8 ! 

36 0 


m* 





1-5 

5 

37 2 22 3 32 0 35 0 36 1 

32 5 


1-7 

3 

50 5 62 1 47 2 

49 9 


1-14 

2 

33 4 29 6 

31 5 


1-15 

3 

33 1 35 4 28 3 

32 3 

Average j 

31 6 


Analysis of Variance 


BATS PEB ClOtTP 

VABIATIOV 

DF 

tUVOrSQBAKES 

UCAX SQtTAKE 
OB VAllANCE 

r 

VABtAKCC KATIO 

4 

between days 

69 

15487 48 

224 46 

2 595 


withih days 

84 

7265 795 

86 5 


8 

between days 

5 

899 83 

179 97 

4 85 


w ithm days 

14 

519 56 

37 11 



nere plotted together IVhen the dose effect curves are parallel within the experimental 
error, the distance along the abscissa between the curve for urea and tliat for the substance 
gn es the loganthm of the diuretic activity of the substance 

Results Controls In the descnption of the method, special emphasis was 
placed on the necessity for usmg a sufficient number of rats m each group, and 
comparing the unnary excretion of the test groups with that of the control group 
of the same day, to ascertain that diuresis is obtained Results presented xn 
Table 1 give the comparison of the unnary excretion for groups on the same day 
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and on different days. The analysis of variance shows that the variation between 
days is significantly greater than between groups tested on the same day. As 
would be expected, the variance ndthin days for groups of 8 rats is about one-half 
of that for groups of 4 rats. 

Since the animals are fed a considerable amount of liquid at one time, it was 
of great importance to choose a liquid which is normally retained in the body to 
a large extent throughout the duration of the experiment, and which does not 
obscure the action of diuretics. Isotonic sodium chloride was found to fulfill 
these requirements. Substitution of Ringer^s solution for saline does not signifi- 
cantly alter the value of urinary excretion. Substitution of tap water, however, 
more than doubles it (Table 2). 

Urea. Since urea was chosen as the standard, it was more thoroughly studied 
than any other substance. The results obtained are summarized in Tables 3-5. 
Eight curves, each ^vith three or four points, were obtained on different da3^s 
using 8-rat groups. The data are given in Table 3. The variation in the effect 

TABLE 2 


Effect of suhsiituiing Ringer eoluiioh or tap waicr for saline solution on urinary excretion 

Groups of eight rats each 


EXPERIMENT 

DATE 

URINARY EXCRETION 

AVERAGES 

Ringer solution 

Control (saline) 

i 

Ringer 

solution 

Control 

1/ 7/42 

54.1 


42.5 

50.5 


1 

47.2 ; 



1/14/42 

30.1 



33.4 





1/16/42 

33.1 

30.0 

50.2 j 

33.1 

35.4 1 

28.3 

36.8 

37.9 


Tap water 

1 

Control (saline) 

Tap water 

Control 

9/19/41 

59.9 



63.2 

29.1 



32.4 



12/ 9/41 

65.4 



65.5 

23.0 



29,7 

; 63.5 

28.6 


expected for each day at the average dose of urea (25.3 millimoles per kg.) is 
greater than that in the slope of the dosage-effect curves, when both are compared 
"with their respective errors. This difference in average susceptibility has been 
adjusted so as to bring the mean response-mean log-dose for each individual curve 
on the same line, Fig. 2, uith a slope of b = .7005. This value agrees well with 
that obtained for 55 curv’^es, each based on only 2 points (b = .7209) (Table 4, 
second row). The individual curves are relatively stable in slope with a smaller 
variance than that of individual readings about 7 of the 8 curves in Table 3. One 
curve, that on 11-30-42, was excessively variable. The mean slope in 63 experi- 
ments is 0.710 db .026. An experiment was done uith four different doses of 
urea on 4-rat groups, using the Latin-Square arrangement, and the results were 
analyzed by Yates’ method (7) (Table 5). The variation due to the slope of the 
curve (b = .718) was greatest, that due to the difference in days was nearly 3 
times as large as the error, but differences between rat groups and about the 
straight line were less than the experimental error. 
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Sodium, Polassxum and Ammonium Sails Of the five salts studied, potassium 
nitrate, potassium acetate and ammonium chlonde are m common use as di- 
TABLE 3 


Dose action curves from stngh experiments lOilh S or 4 doses of urea, dose in of urea 

per kilogram of rat 


PATE 

Ptt CtNT EXCIEIIOM IN LOCAHTHNS j 

StOFC 

b 

8TAKSAKD 

deviation 

ADOCI 

LINES 

toc-ErrtCT 
AT UEAW 
LOO DOSE 
OF 1 402$ 

SaliDc 

control 

With log-dosc of ure» 

1X197 

1 371 

I 39S 

1J71 

l 699 

11- 5-41 

1 617 

1 769 

1 867 

1 898 

2 064 


595 

0328 

1 946 

12-16-41 

1 698 

1 S12 


1 995 

2 163 

2 222 

703 

0236 

2 021 

12-17-41 

1 643 

1 855 


2 037 

2 152 

2 288 

697 

0282 

2 056 

3-30-42 

1 428 

1 762* 

1 815t 

1 913 



848 

0232 

1 893 

11-27-42 1 

1 732 

1 655 


1 785 

1 949 

2 179 

821 

0SS3 

1 865 

11-30^ 

1 405 

1 767 


1 731 

1 996 

2 155 

643 

1328 

1 885 

12- 1-42 

1 555 

1 718 ! 


1 830 

2 030 

2 191 

776 

0724 

1 916 

12- 2-42 

1 396 

1 805 


1 957 

2 054 

2 192 

615 

0401 

1 975 

Combined value 

7005 

0683 

1 9446 


* Log dose = I 223 
t Log dose =» 1 318 



Fiq 2 Dosage Response Cobve for Data on Urea in T\bee 3 
The cRmriments on diffeient days have been adjusted to an equal ausceptvbihty for plot- 
ting by adding a constant term to the log doses for each day Each daj s results are shown 
bj a different sj mbol 

uretics, but not sodium nitrate or sodium acetate The ongmal data for potas- 
sium and sodium nitrate are given m Table 6, with the loa ratio of notencies 
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TABLE 4 


Analysis of variance hetueen slopes of dose-action curves for urea in Table S and of $5 curves 
vnth S doses t not shown in detail; eight-rat groups on each dose 


VARIATION Dm: TO 

DEGREES or T^EEDOU 

UEAH SQUARES 

Combined slope, all 63 curves of be « .71048 j 

1 i 

1.34948 

Difference between 2-dose and multiple-dose slopes. J 

1 

.00028 

Difference in slopes of individual curves . 

Scatter of observations about 7 of 8 separate curves 

61 

.00168 

in Table 3 

13 


Scatter of observations about curve for 11-30-42 . 

2 



TABLE 5 

Experiment with A-rat groups arranged in a Latin square as a test of sources of variation; 
highly variable controls omitted in analysis of variance by Yates^ method 


DATE 

DimtETIC SESPONSE IN LOG OP % EXCXETION 

TOTAL 

SLOPE b 

12/8 

d 

2.075 

a 

1.790 I 

0 

(1.612) 1 

b 

1.902 

c 

1.989 

7.756 

.604 

12/14 

2.093 

0 1 
(1.899) 

b 

2.037 

d 

2.135 1 

a 

1.821 

8,086 

.645 

12/18 

0 

(1.882) 

c 

1.853 

d 

2.150 

a 

1.597 

b 

1.982 

7.582 

1.019 

12/23 

a 

1.954 

b 

2.088 

c 

2.022 

0 

(1.814) 

d 

2.157 

8.221 

.364 

12/28 

b 

1.738 

d 

2.094 

a 

1 1.655 

c 

1.930 

0 

(1.213) 

7.417 

.960 

Total.. . 

7.860 

7.825 

7.864 

7.564 

' 7.949 

39.062 

Mean. .718 


Dose of urea 


SYU20L 



o j 

a j 

1 ^ 

1 ^ 

1 “ 


Log mM 


1 

1097 

l 273 

1 398 

1 1 574 

Diuretic response in log! 
of % excretion 

Total j 

Mean . | 

8,360 

1.6720 

8.817 : 

1.7634 

9.747 

1.9494 

9.887 

1.9774 

■ 


Analysis of variance 


VASXATION DDE TO 1 

decrees or 
paEEDOi! 

mean squake 

p 

Difference between groups of rats 

4 

.00534 

.60 

Difference between days of test 


.02512 

2.82 

Slope of regression line 

1 

31361 

35 24 

Curvature about line 

2 

.00616 

1 .69 

Error. . . 

8 

.00890 

1.00 
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computed for each a‘=sa> The data ^\ere first analyzed for the parallelism of 
their dose response curves Tnth the results shown in Table Ca The small van 
ance with few degrees of freedom about the individual curves is apparently not 
characteristic of the variation between cur\es Although the 5 groups m Table 
6 differ more m slope than the cun es compnsmg the groups, the difference is not 
sigmficant Therefore, all observ ations ha\ e been combmed to obtam a standard 

TABLE 6 


Dose action evnes oj pofasstum nxirate and sodium nitrate and t/icir actuities relative to urea 
M IS log ratio of potency relative to urea, M* that relative to KNOi 


OOOP 



LOO ExaiETION OW 

CtOCP 

DttJO 

LOO 

LOO EXCSETIOK OV 


lO-l 

10 2 

11 10 

11 n-u 

12 1 

12 2 

12 3-41 



wJ/ /*r 







mif/it 




1 

KNO, 

297 



1 6S2 


2 

NaNO, 

301 

1 610 





393 


1 731 


1 770 



469 


1 677 

1 735 



598 



1 79S 




582 



1 820 



694 


1 9S9 


1 945 



602 

1 794 





773 



1 961 




770 

1 933 

2 030 

2 000 



787 

2 013 






946 


2 196 

2 163 



870 




2 061 









1 092 

2 266 











Urea 

1 319 

1 863 

1 82S 

1 863 

1 845 


Urea 

1 310 

1 904 

1 901 



Control 


1 580 

1 561 

1 625 

1 633 


Control 


1 4S6 

1 684 

1 539 


M 


722 

815 

702 

766 


M 


606 

670 





12 9 

12 10 

12 im 





12-9 

12 10 

12 11 41 

3 

KNO, 

393 

I 618 

1 493 

1 80S 



NaNO, 

389 ' 

1 595 

1 553 

1 598 



870 

2 066 

2 048 

2 106 




SG6 

1 899 

2 035 

2 106 


Control 


1 42S 

1 386 

1 644 1 


1 

XU 1 

1 

- 114 

033 

- 126 




tt 20 

11 2S 

12-3-^2 





12-9 

12 11 

12 17-42 

4 

KNO, 

490 


1 705 

1 742 


5 

NaNO, 

469 

I 733 





570 

1 709 






645 


1 724 

1 761 



787 


2 066 

1 933 




770 

1 871 





870 

1 936 






946 


1 957 

2 022 


Urea 

1 097 

1 636 

1 791 

1 810 



Urea 

1 097 

1 843 i 

1 734 

1 815 



1 39S 

1 8S6 

2 012 

1 903 




1 39S 

2 028 

1 931 

1 987 


Control 


1 303 

1 6S7 

1 742 



Control 


1 695 

1 632 

I 694 


M 


604 

5S9 

5S8 



M 


462 

462' 

440 


deviation of s — 0616, a combmed slope of b = 0 8053 and X = 0765 The 
log ratio of potencies and its error is computed for each day with the combined 
slope In this w ay the results are more consistent than w hen computed from the 
slopes for each group of tests (Table 7) The potencies of both KNOs and 
NaNOj relative to urea shift significantly between groups 1-2 and 4-5 m Table 6, 
but retain the same relation to each other throughout all tests as shown iil the 
nght-hand column of Table 7 
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The dose-response curve of potassium acetate has the same slope as that of 
urea, so that its relative potency (avg, 3,35) is independent of the level of urinary 
excretion at which it is measured (Table 8). The dose-response curves of sodium 
acetate are, however, significantly steeper (b = 1.1194) than the corresponding 
curves of urea and potassium acetate (average b = 0.6085). In this case, there- 

TABLE 6a 


Analysis of variance for ‘parallelism of dose~response curves in Table 6 


VARIATION 

©ECREES or TREEDOII 1 

1 

variance 

Between slopes of dif. groups 

4 

j .00599: 

.00352 

.00316 

.00056 


Between elopes within groups on dif. 
days 

11 

► s’ =:^ .003794 

Between slopes of dif, drugs on same 
day 

9 

About 3 and 4 dose curves 

6 





TABLE 7 


Mean log-ralio of potencies based on Table 6 


UREA AS standard 

potassium NtTRATE AS STANDARD 

^ 1 
Group 

Diuretic 

mam 

Relative 

potency 

Groups 

Diuretic ^ 

M i 5m 1 

Relative 

potency 


KNOs 

.761 dh .046 

5.63 

1-2 

NaNO, 

-.113 =b .078 

.77 


KNO, 

.59i ± .044 

3.92 

3 

NaNOj 

-.069 dh .044 

.85 


NaNOa 

.638 ± .063 

4.35 

4-5 

NaNOj 

-.139 .063 

.73 


NaNO, 

.455 rir .044 

2.85 






TABLE 8 


Dose-action curves of potassium acetate and its activity relative to urea 


DRUG 

j LOG 

! 

LOG % EXCRETION ON 

IfEAN 

ACTlvnY 

i JO-3 

1 U-7-41 

1 

12-21 

12-22 1 

12-29 

12-30-42 


wAf/ir. 




1 




K acetate 

.582 

1.796 

1.723 

1.774 

1.927 ' 

1.609 

1.772 


1 

.805 ' 

1.951 








.883 ! 

1 

1.899 , 

1.923 

2.038 : 

1.916 

2.002 

O mOO 

1 

1.059 ! 


1.981 



1 



Urea 

1.097 



1.668 

1.888 

1.784 

1.843 



1.319 

1.940 

1.817 





1.00 


1.398 


1 

2.005 

1.945 

' 1.945 

1.9S5 



fore, it is necessary to compute the relative potency from the data in Tables 9 
and 10 at a specified level of log % excretion which is taken at 1.895. At higher 
levels of excretion, the relative potency of Na acetate would be greater relative 
to urea than at lower levels. In the later experiments it was significantly less 
than in the first tests in 1941. 


/ 
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The dose-response curve of ammoaium chloride has the same slope (b « .8085, 
8 = .0642) as that for urea (b » .6191, s = .1416), so that its relative potency, 
2.7, is independent of the level of urinary excretion at which it is measured 
(Table 11). 

Xanthine Dinretics, With theophylline and theobromine, an approximately 
linear rdationship between log dose and log action is obtained only in the low'er 
range of doses, “overdosage” producing a decrease in diuretic action. With 
caffeine, the measurable dose range is still more restricted. Calculation of the 

TABLE 9 


Dose-action cunes oj sodtum actlate and iJs activUy relatne to urea and to potassium acetate 



relative to urea (1st group) 2.7G2 ± .260 

relative to K acetate (2nd group) .785 ± .045 

relative to urea (3d group) . 1.854 ± .106 


diuretic activities is, therefore, possible only approximately. They are: theo- 
bromine, 7.2; caffeine, 32; and theophylline, 115. Theobromine in higher doses 
was fed in suspension, and in such doses it proved after 24 hours to be definitely 
toxic. With theophylline and caffeine, the doses could be increased to the de- 
sired extent, and the effect of overdosage could be studied in entirety. The 
highest dose used of theophyllme produced a decrease in urinary excretion below 
that of the controls Even wth the lowest doses of theophylline and caffeine, 
there were definite manifestations of central excitation, but no such signs could 
be noticed with theobromine. 
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Bismuth Potassium Tartrate. The preparation used, with a Bi content of 62%, 
has a diuretic activity of approximately 219. High doses produce a decrease in 
urinary excretion, but even with diuretically active doses, albuminuria and 
glycosuria are observed. 

Salyrgan. Salyrgan was tested alone and in combination with ammonium 
chloride. The results, given in figure 3, show salyrgan to be a potent diuretic 

TABLE 10 

Bose-^clion curves of sodium acetate and its activity relative to urea on 4-rat groups in the Latin 

Square arrangement 

Since the analysis show^ed the differences between days relatively unimportant the re- 
sults were handled as a randomized block. 


j 

LOG % ZXCRETION 

CROUP j 

! 

I Acetate 

1 Urea 


Saline control 






808 

1 109 

1 097 

1.398 

2 


1.495 

2.062 

■H 

1.743 

3 1 


1.718 

2.066 


1.894 

4 ! 

1.511 

1.745 

1.969 


2.063 

5 

1.511 

1.750 

2.099 

BIEB 

1.931 

6 

1.367 

1.715 

2.119 

Bl^l 

1.818 

7 

1 185 

1.639 

1.949 

mmm 

1.931 

9 


1.643 

2.146 

1.828 

2.017 

10 

1.448 

1.772 

2.109 

1.693 

1.905 

Total. . 1 

11.970 

j 13.477 

j 16.519 

14.211 

1 15.302 

Mean 

1.4963 

i 1.6846 

i 2 0649 

1.7764 

1.9128 


Relative potency =* 1.982 ± .101. 


Analysis of variance 



D F 

MEAN SQUARE 

p 

Groups.. . 

7 ! 

.020980 

2.76 

Controls vs. treated 

1 1 

.845210 

111 27 

Acetate vs. urea 


.007290 

.96 

Combined slope 


533803 

70.27 

Parallelism 


.118950 

15.66 

Groups X control vs. treated 


.028670 

3.77 

Error . 


1 .007596 

1.00 


vithin a very narrow range of doses. A slight overdose produces a definite 
decrease in urinary excretion. The active range is seemingly narrower mthout 
ammonium chloride and the optimum dose slightly higher. When ammonium 
chloride was used with salyrgan, in several instances the diuretic effect could be 
observed after five hours, and in nearly all instances, after ten hours. Without 
ammonium chloride, it took somewhat longer for the diuretic effect of salyrgan to 
become manifest. Within the range of diuretic doses, albuminuria was observed 
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in all instances and gb cosuna m samples collected after ten hours In the low er 
dose range, Imear relationship was again obtained between the logarithm of the 

TABLE 11 

Dou action cxines of ammonium chloride and tis aclicify rcfaiiM to urea 


lOG % EXOmON ON 

i ; ; ; ; [ ; ACTivmr 

3 23 3 2 J-20 3-23 3-2M1 1 13 1 11 1 18-13 


1 69G I 461 1 557 1 850 1 833 

1 932 1 826 1 718 


2 040 1 959 1 720 1 625 2 099 2 065 



L0GDO3C SALYR 6 AW LOG DOSC 

Fio 3 Dose Action Ctm\"ES or Ammonium Chloride Sklyroan and Saltroan with 
4 67 idM/kg Ammonium Chloride over a Wide Dose Range 
• salyrgan A salyrgan with NH 4 CI 

dose and the logarithm of action The diuretic activity was found to be 
about 400 
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Biuret, A number of substances which were considered likely to show some 
diuretic activity were studied. One of these is biuret which has a formula closely 
related to that of urea and is similar to it in some respects.^ The original data 
obtained with low doses are given in Table 12. With higher doses necessitating a 
concentration greater than 5 per cent, biuret had to be fed in suspension. Due to 
its very steep solubility curve, it was practically impossible to make a homogenous 
suspension of biuret at the proper feeding temperature. Furthermore, when a 
concentration of 4 per cent or lugher was used, biuret crystallized in the excreted 
mine at room temperature, clogging various parts of the metabolism cage. 
Therefore, the results obtained only with lower doses of biuret could be used for 
the calculation of the dose-action curve. This has the same slope fb = .5507, 
s = .0597) as that of urea (b = .5631, s == .0814). The mean potency of biuret 
relative to urea is 1.4. 

Discussion.' The method described in this paper for assaying diuretics is 
significantly different from Bum^s method for antidiuretics. It has proved to be 
applicable to the study of all types of diuretics in common use, and gives not only 


TABLE 12 

Dose-action curves of hiurei arid its activity relative to urea 


I 

DECC 

IOC 

LOO % EXCEETION ON 

KEAN 

12-22-41 1 

1-27-12 1 

1-2S-42 

l-lP-13 

1-22-13 

1-26-13 

1-28-43 

Acrivixv 


mil/ks. 


1 



1 




Biuret 

.779 

1.611 

1 

1.733 

1.641 

1.666 1 

1.705 

1.696 



.858 



1.714 





1.40 


.983 


1.814 ! 

1.847 






l.OSO 

1.951 

1.889 

1.903 

1.838 

1.780 

1.879 1 

1.874 


Urea 

1.097 



• 

1.706 

1.795 

1.786 

1.837 



1.319 

1.913 







1.00 


1.398 

1 



1.888 

1.909 

1.938 

2.067 



an accurate estimate of the diuretic potency, but also some information concern- 
ing the therapeutic range and the toxic effects of the substance being studied. 
The limitations of this method, as of most bioassays on animals, arise from the 
fact that the results of assays on normal animals have to be compared wdth those 
on human patients. There is no question that the water-salt balance in the 
tissues of the normal rat is quite different from that in the tissues of the edema- 
tous patient. Nevertheless, it is remarkable that the sequence of activities of 
known diuretics is almost the same wth the rat as it is Avith the human being: 
urea, ammonium chloride, potassium acetate, potassium nitrate, theobromine, 
theophylline, bismuth tartrate and salyrgan (Table 13). Caffeine, due to its 
very strong side effects, cannot be properly placed in this sequence. The 
relative potencies of the xanthine diuretics determined on rats, however, are in 
agreement \nth those determined by Myers on rabbits (8). 

Though active in very small doses, the xanthine diuretics are not capable of 

» Like urea, biuret will hemolyze erj'throcytes in an isotonic solution and is distributed 
in equal concentration between outer fluid and cell. 
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producing aa intense a diuresis in normal rats as the other substances studied 
With high doses of urea or any of the neutral salts, it is possible to obtain mthm 
five hours a urinary excretion approximately twice the amount of the liquid ad- 
ministered Likewise, ’with salyrgan, a unnary excretion of approximately the 
same magnitude maj be obtamed withm the penod of its activity But with the 
xanthme diuretics, the amount of urme excreted within five hours is never aig 
nificantly greater, and most frequently less than the amount fed The shape and 
the scattering of the pomts of the dose action curves, especially in the case of 
caffeine, suggest that there is a complex mechanism of xanthine diuresis and that a 
physiological limiting factor (e g , the antidiuretic hormone) plaj’s an important 


TABLE 13 

Companson of dtureitc aetivtUes from the doae-actton curves and from human therapeutic doses 







1 DnriETlC ACTIVITY 

SATIO 

SUBSTANCZ 




*AT DOSE JOK 



KAT 


1*5 2*5 

Humxn 

Hat 

BVUAN 

POSE 


gram 

fro m/if 

mU/kt 

wU/if 




Urea 

20-40 

0 3-0 6 

6-10 

12-25 

1 

1 

2 5 

Biuret 

Sodium ace ' 






1 4 


tate 

Potassium ace 

15-30 ! 

0 23-0 40^ 

i 



2 0 


tate 



2 4-4 8 

4-8 

2 1 

3 4 

1 7 

Sodium nitrate 
Potassium m 






2 9 


trate 

Ammonium 

8-13 

0 13-0 20 

13 2 0 

2 5-6 0 

4 

3 9 i 

2 5 

chloride 

10-20 

0 15-0 30 

2 8-5 6 

4 6-8 9' 

2 

2 7 

1 6 



f»f /if 






Theabromme 

05-06 1 

7 7-9 2 

0 OiS-0 031 

0 7-1 4 

150 

72 

20 

Caffeine 

0 1 

1 5 

0 003 

0 1-0 4 

625 

abt 32 

12 60 

TheophyUme 1 

0 15-0 20 ' 

2 3-3 0 

0 013-0 017 

0 07-0 16 

480 

115 

5-10 

Salyrgan 
Bismuth Na 


2 4 

0 004-0 008 

0 027 

1250 

abt 400 

5 

(K) tartrate 

0 03-0 09 

0 6-15 

0 0017-0 005 

0 025-0 075 

2000- 

220 

15 






3000 




role, consequently these diuretics have vanable effects on different species and 
even on different individuals 

Urea, biuret and the salts, with the possible exception of ammomum chloride, 
showed no toxic effects wuthm the range of doses used Consequently, the dose 
action curves of these substances are linear withm this range The xanthme 
diuretics produced definite toxic effects m higher doses The dose-action curves 
of these substances over a mde range of doses, showed some diuresis, and then a 
declme The toxic effects of salyrgan are much more pronounced, and the range 
of diuretically active doses is much narrower for salyrgan than for the xanthine 
diuretics 

The folloiving procedure is recommended for assaying new diuretics Male rats 
weighing 140-240 gm are fasted and depnved of water for 18 hours prior to the 
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experiment. Preliminary experiments are done using five groups of 8 rats each on 
one day. The control group are fed 25 cc./kgm 0.9% sodium chloride, containing 
no drug, and the remaining four groups are given geometrically increasing doses 
of the substance being tested. Thus the right dose range is determined in very 
few experiments. For the estimation of potency, five groups of 8 rats are used 
on one day. One group receives no diuretic, two receive two suitable doses of 
urea (e.g., 0.75 and 1.5 g./kgm.), and the remaining two receive two doses of the 
substance chosen so that their actions will fall within the same range as those of 
urea. The slope, position and the distance between the two regression lines are 
then calculated. Three or four such experiments will produce enough data for a 
sufficiently accurate estimate of the mean activity (potency) relative to urea of 
the substance. 


SUMJIABY 

1. A method using white rats has been devised for the bioassay of diuretics. 
It has been tested experimentally and statistically and applied to the study of 
various substances. Urea with an activity of 1 was taken as the standard 
diuretic. 

2. The dose-action curves (log dose in miilimols per kilogram body weight, 
plotted against log diuretic action) of urea, various salts, and salyrgan were 
found to be straight lines of similar slopes within a suitable range of doses. 
From these the diuretic activities of the substances were calculated. The dose- 
action curves of the xanthine derivatives were found to be complex, seemingly 
limited by a physiological factor. 

3. Biuret, a urea derivative, assayed in this way, showed a diuretic activity 
of 1.4. 

4. The following diuretic activities were determined from the dose-action 
curves: salyrgan, 400; bismuth potassium tartrate, 219; theophylline, 115; 
caffeine, 32; theobromine, 7.2; potassium nitrate, 3.9; sodium nitrate, 2.9; 
potassium acetate, 3.4; sodium acetate, 2.0; ammonium chloride, 2,7; and 
urea, 1.0. 

5. Relatively large doses of the salts and urea removed much more water than 
that which was administered, whereas such doses of the xanthine diuretics, 
Bi tartrate and of sal 3 U*gan not only failed to produce an increase in diuretic 
action, but in most instances produced a decrease. 
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The follo^^^ng observations resulted from some studies of the pharmacologic 
properties of suspensions of epinephnne in oil (1) , v\ e were, at this time, interested 
m comparing the to\icit> of epmephnne m this form and as an aqueous 
solution For these investigations, we prepared the aqueous solution m the 
laboratorj from epinephrine powder according to the description of the 
USP XII 

On one occasion w e happened to hav e no epinephrine pow der at hand and 
used a commercial epmephnne solution instead Such solutions contain 01% 
of epmephnne m the form of the hjdrochlonde in a dilute hj drochlonc acid solu 
tion and are carefully assajed by the blood pressure method in dogs To our 
surprise we found that rats died after injection with these <!olutions at dose 
levels far below those found with material prepared from epmephnne powder in 
the laboratory Since the concentration, the amount of HCI used, and the 
biologic activitj as determined bj the USP bioassay method on the blood 
pressure of dogs v\ith these two types of solutions were identical, it was obvious 
that another factor had to account for the difference in toxicity It was quickly 
discovered that the addition of sodium bisulfite, commonly used as an antoxidant 
for commercial cpinephrme solutions, is responsible for this effect The USP 
permits the use of sodium bisulfite m concentrations up to 0 5% for such pur- 
poses However, mosi oi Wie coTnmeTCia\ epmepVinne preparalions conlam not 
more than 0 2% m the 1 1000 epmephnne HCI solutions 

A review of the literature (2) show ed that sodium bisulfite is relativ ely non 
to\ic, this VI as also substantiated bj our own experiments Rats tolerated by 
subcutaneous injections up to 300 mg /kg without gross sjmptoms The L D 
50 was found to be approximatelj 500 mg /kg We then investigated systemati 
callj the effect of sodium bisulfite upon epmephnne solutions Rats of either 
sex, weighing 120-180 gm , were used The animals were not starved before 
the experiment 

The toxicities of epmephnne HCI solution USP were compared wath identical 
solutions containing 0 1% or 0 2% sodium bisulfite, usmg different routes of 
administration The results are summanzed in Table I First the lethal doses 
of plain epmephnne m rats were determined bj subcutaneous, intramuscular and 
intravenous administration usmg not less than 40 rats for determination of each 
of the L D s As can be expected, the mtravenous lethal dose is considerabB 
lower than the intramuscular or subcutaneous one In fact, epmephnne is 27 
times more toxic bj mtravenous than subcutaneous injection The addition of 
a*? little as 0 1% sodium bisulfite to such solutions increased the toxicitj by the 
111 
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subcutaneous route approximately by 100%, and by the intramuscular route 
approximately three times. If the bisulfite content yvsis raised to 0.2%, still 
.entirely mthin the limit of the TJ.S.P., the subcutaneous toxicity was raised 
more than five times and the intramuscular toxicity about seven times, 

A number of experiments were conducted using a 1% concentration of sodium 
bisulfite with epinephrine which, by subcutaneous injection, brought the toxicity 
up to one-half of the intravenous lethal dose of a plain epinephrine solution; or, 
in other words, the addition of 1% sodium bisulfite increased the toxicity by 
subcutaneous injection 12 times. Both solutions if injected subcutaneously or 
intramuscularly produced the same symptoms; the animals became restless, cold, 
and dyspneic; and moderate convulsions appeared.’ Death occurred after a few 
minutes to several hours in coma, frequently preceded by pulmonary edema. 
Signs of intoxication and the fatal outcome were more rapid after intramuscular 

TABLE I 

Toxicity of epinephrine hydrochloride in ra/s 
(All values are given as nvg./kg, of epinephrine base) 

0*1% solution 


ADDITION 

- . 

pH 

ILOUTE OF ADUIN. 

ATPJlOX. I..D. 
50 

NVUBEtl or 
SATS CSZD 

Plain 

2.27 

subcu. 

6.30 

96 


2.44 




0.1% sod. bisulfite 

2.67 





2.90 

Bubcu. 

2.60 

68 

0.2% fiod. bisulfite 

2.62 

subcu. 

0.97 

72 

1.0% sod. bisulfite 


subcu. 

1 0.43 

! 30 

Plain 

see above 

intramusc. 

2.56 

' 95 

0.1% sod. bisulfite 

see above 

intramusc. 

1 0,79 

48 

0.2% sd. bisulfite 

1 see above 

intramusc. 

; 0.37 

48 

Plain (0.01% sol.) 


intravenous 

1 0.20 

46 

0.2% Bod. biulfite 

i 

intravenous 

; 0.19 

56 


than after subcutaneous injection and the addition of sodium bisulfite definitely 
hastened the course of events in the majority of the animals. The intravenous 
injection with either solution was immediately followed by severe symptoms. 

It is interesting that the intravenous toxicity is influenced yevy little by the 
presence of 0.2% sodium bisulfite. This is in accordance mth our observation 
that the blood pressure raising effect of epinephrine in dogs remained also unin- 
fluenced by sodium bisulfite. Before discussing other studies in rats, we should 
like to give evidence of the presence of this phenomenon in other species of 
animals. 

Table II shows the toxicity of plain epinephrine solutions and those with 
sodium bisulfite in mice, rabbits, and dogs. We see that a 0.2% concentration 
of sodium bisulfite again more than doubles the toxicity of plain epinephrine in 
mice while with as little as 0.02%, a significant increase in toxicity can still be 
noticed. In rabbits the intramuscular toxicity is more than doubled by the addi- 
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tion of 0 2% sodium bisulfite In dogs, the epinephnne concentration was raised 
to 0 2% and the bisulfite concentration correspondinglj mcreased to 04% 
Under these circumstances sodium bisulfite "was found to raise the toxicity to 
more than twice the one of plam epmephnne in a 0 2% solution 
It appeared desirable to investigate if the presence of sodium bisulfite would 
also influence the physiological effects of epinephnne We therefore studied 

TABLE II 


Toximly of epinephnne hydrochloride 1 WOO in mice, ralbits, and dogs 


s»ms 

ADDmOK 

xom or 

ASUnOSTlATIOll 

AmOIC LJ) 

io 

Nnan or 
AHnXAU USED 

Mice 

Flam 

subcu 

wi( /kt 

4 80 

30 

Mice 

0 02% sod bisulfite 

subcu 

3 60 

35 

Mice 

0 2% sod bisulfite 

subcu 

2 20 

30 

Rabbits 

Plan 

intramusc 

1 30 

47 

Rabbits 

0 2% sod bisulfite 

intrajnu*ic 

0 67 

30 

Dogs 

Plain (0 2% sol ) 

intramuBC 

4 60 

! 12 

Dogs 

0 4% sod bisulfite 

intromusc 

2 00 

14 


*4 



Fio 1 Effect of epinephnne, 0 3 mg /kg , with and without the addition of 0 4% sodium 
bisuliite upon the blood sugar in dogs after subcutaneous injection 

the blood sugar concentration following the subcutaneous injection of 0 3 mg /kg 
epmephnne m dogs with and without the addition of 0 4% sodium bisulfite 
Figure 1 shows the results Each pomt represents the a\erage of blood sugar 
determinations on 12 dogs It is evident that sodium bisulfite produces a much 
steeper and considerably higher rise of the blood sugar concentration, which 
reached its highest point after 60 minutes as compared with 120 mmutes with 
plain epinephnne and tended to drop faster and deeper 
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Tilis example indicates that it may be desirable for an investigator working on 
physiological problems concerning epinephrine to contemplate if he wants to use 
freshly prepared epinephrine solution or a commercial one. Results may be 
different since the latter almost always contains sodium bisulfite. 

Discussion. There are a number of factors which had to be considered in 
order to explain this potentiating effect of sodium bisulfite. Among these are 
the acidity and the importance of the presence of a reducing agent. All of our 
epinephrine solutions were prepared according to the U.S.P. The pH of these 
solutions being about 2.5 is not influenced by the presence of 0.1 or 0.2% sodium- 
bisulfite. Neither is their titrable acidity. However, we have prepared a some 
what more acid plain epinephrine solution by the further addition of 0.5 cc. 
normal 1/10 HCl acid for each 5 cc. of the U.S.P. solution without an increase 
in toxicity. Similarly, other reducing agents and other acidifiers were tested 
which are given in Table III. None of these increased the toxicity of a standard 
epinephrine solution to any significant extent if used in the concentrations men- 
tioned in Table III. This indicates that the peculiar effect of sodium bisulfite 
could not be duplicated so far b3'’ the addition of other reducing or acidifying 

TABLE III 

Procedures not injluencing resorptive toxicity of epinphnne hydrochloride solution U.S.P. 

Addition of 0.1 cc. n/10 HCl per 1 mg, epinephrine 
Addition of 10 mg. Ascorbic acid per 1 mg. epinephrine 
Addition of 0.1% Hypophosphorous acid 
Addition of 0.2% Sodium hypophosphite 
Addition of 0.3% Sodium acid phosphate 


agents. However, sodium hypophosphite or hypophosphorous acid were found 
to be satisfactory’' stabilizers for epinephrine solutions. 

It has been shown that epinephrine is readily oxidized in vitro by a number 
of different enzyme sy^stems; among these the cytochrome system (Green and 
Richter (3)) and the aminoxidase (Blaschko, Richter, and Schlossmann (4)) 
appear to be the most important. However, it is very doubtful what role these 
enzymes play in the biological inactivation of epinephrine in vivo. (Richter, and 
Tingey (5)); for instance their speed of action has by some been considered too 
slow to account for the rapid disappearance of epineprine effects in vivo. It is 
also well kno^^^l that blood, amino acids, and other tissue constituents tend to 
protect epineprhine against oxidation. Recently Richter (6) and Richter and 
hlaclntosh (7) have shown that epinephrine is conjugated on one of its phenolic 
hydroxy groups and excreted as an inactive sulfate ester and these authors assume 
esterification to be the main mode of biological inactivation. While there is 
evidence that the liver destroy^s epinephrine rather rapidly’', Markowitz and 
Mann (8) found no influence of hepatectomy’’ upon the rate of inactivation; but 
the rat liver decomposes epinephrine rapidly in vitro (9), Clark and Raventos 
(10) hold that intravenously injected epinephrine diffuses rapidly into the tissues 
all of which possess the ability to inactivate this substance. Altogether the 
speed, iypey and place of the inactivation are not completely clear as yet. 





EPINEPHRINE TOXICITY 


115 


As already pointed out, the potentiatmg effect of sodium bisulfite upon 
epinephrine toxicity is practically absent upon intravenous injection This fact 
makes a local effect of the sodium bisulfite probable This can be substantiated 
further expenmentally, since injections of 200 mg /Kg of sodium bisulfite sub 
cutaneously folloT\cd 15 minutes later bj plain epinephrine injections did not 
result m an increase in toxicity Furthermore, the lethal do‘?e by intramuscular 
or subcutaneous injection could not be lowered belo^ the order of magnitude of 
the intravenous dose It appears reasonable, therefore, to assume that the 
bisulfite enhances the toxicity of epmephnne primarily by a marked local mcrease 
m the speed of absorption 

Tamter (11) has shown that sodium bisulfite even m weak concentrations pro 
duces capillary damage and it may possiblj be this property which accounts for 
the faster absorption However, if this is so, it would seem to be a unique 
effect of sodium bisulfite, since this could not be duplicated by other acid or 
reducing agents which we have tested to an 3 comparable extent If, beyond 
this -apillary effect, the bisulfite ion mfluenccs the inactivating ability of tissue 
m a specific manner, we are unable to state 

We have studied the effect of sodium bisulfite upon a few other drugs (12) 
The toxicity of ephednne remamed umnfluenced bj the addition of this preserve 
tive, while the L D 50 of methylaminoethanolphenol (Neo Synephnn) by intra 
muscular mjection in rats was reduced to about one half m the presence of 0 2% 
sodium bisulfite As reported m another paper (13), the toxicity of procame 
hydrochloride was found to be increased tmee m mice and three times m rats 
b> the addition of 0 1% sodium bisulfite, however, only a slight increase was 
observed in rabbits and none m dogs 

It is well known that the animal detoxifies epmephnne, procaine, and, to a 
lesser degree, Neo-Synephrm at a rapid rate This is undoubtedly the mam 
reason for the great mcrement between the subcutaneous and intramuscular 
toxicitj of these drugs on one side and the mtravenous toxicity on the other side 
Epmephnne is, as we have showm, intravenously 27 times more toxic than sub 
cutaneously As far as procame is concerned, the subcutaneous toxicitj m rats 
has been reported (14) to be approximately 1 65 gm /kg while the intravenous 
toxicit> IS about 50 mg /kg , that is 21 times greater In mice the mtravenous 
toxicity is about 12 times greater than the subcutaneous one, while in the rabbit 
this ratio is 8 and in the dog only 4 The degree of mcrease of toxicity produced 
by the addition of sodium bisulfite is m proportion ivith these ratios, inasmuch as 
the most marked mcrease is observed in rats, somewhat less m mice, httle m 
rabbits and none m dogs 

All these observations lend further support to the assumption that the reason 
for the greater toxicity caused by the addition of sodium bisulfite is an mcreased 
speed of absoiption which results m a rapid increase of the level of the particular 
drug in the blood If, how ever, there is normally no great difference between 
the mtravenous and the subcutaneous or intramuscular toxicity and if the speed 
of destruction of the drug is not verj rapid, no noticeably greater toxicity will 
result from the addition of sodium bisulfite The failure of sodium bisulfite to 
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increase the toxicity of ephedrine can be well exT^lained on the basis of the above 
considerations. It can be expected that drugs having characteristics like pro- 
caine and epinephrine with respect to their speed of detoxification, may also 
experience changes in their toxicity by the addition of sodium bisulfite. 

SUMMARY 

1. The addition of sodium bisulfite (0.1 to 1.0%) greatly enhances the sub- 
cutaneous and intramuscular toxicities of epinephrine HCl solutions in rats, mice, 
rabbits, and dogs. The intravenous toxicity remains uninfluenced. 

2. The increase of epinephrine effects by the addition of sodium bisulfite was 
also demonstrated in non-toxic doses on the blood sugar curve of dogs. 

3. Evidence has been brought forward that this effect is due to a local increase 
of the speed of absorption produced by sodium bisulfite. A number of other 
reducing and acidifying agents have been found practically devoid of this action 
in comparative concentrations. Mention has been made of a similar effect of 
sodium bisulfite upon a few other drugs. 
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Although acute infections with Fnedlander’s bacillus as the primary agent do 
not occur very frequently, their great severity and high mortality rate (1, 2, 3) 
make it desirable to have available a highly effective therapeutic agent Clinical 
reports (4-14) have indicated beneficial effects of sulfanilamide, sulfapyndme 
and sulfadiazine therapy in Friedlander’s bacillus pneumonia and septicemia; 
however, the number of cases so treated have been too few to permit any conclu- 
sions, either as to the value of sulfonamide therapy or as to the relative merits 
of the different derivatives Existing experimental studies (15-24) offer little 
help with these problems. The most extensive study, that of Feinstonc and 
co-workers (21), has indicated that sulfadiazine has considerable activity against 
Friedlander’s bacillus infections in mice and that its activity is much greater than 
that of sulfanilamide, sulfapyridme or sulfatliiazole. Feinstono’s work is not 
complete enough to be conclusive, hoivever, for only one dosage of the different 
drugs was administered and only one strain of Friedlander’s bacillus w'as studied. 

The present investigation was carried out in order to obtain more exact m- 
formation as to the relative activity of various sulfonamides against infections 
with different strains of Friedlander’s bacillus Sulfanilamide, sulfapyridine, 
sulfathiazole, sulfadiazine, and sulfapyrazme w’erc compared w ith respect to both 
in vtio and tn miro activity. 

COMPAllATIVE ACTIVITY OF THE SULFONAMIDES AGAINST EXPEKIMENTAL INFECTIONS. 

Methods The activity of sulfapyrazme, sulfadiazine, sulfathiazole, sulfapyridme and 
sulfanilamide ivas tested against infections with four different strains of Friedlander’a 
bacillus These strains,* t\io of type A and two of type B, had undergone repeated daily 
mouse passage At the tune of use their virulence was such that mtrapentoneal injection 
of 1000 to 5000 organisms invariably killed mice within 3G hours 

In each test of comparative activitj’, groups of 170 white mice (males weighing 18 to 22 
grams) were used Each mouse was infected mtraperitoncally with 1 cc of a 1 200,000 
dilution of a 12 to 14 hour blood broth culture prepared from the heart blood of a passage 
mouse As determined by plate counts, this infecting dose contained from 2,000 1o 10,000 
organisms Twenty of the 170 mice served as controls, the remainder, divided into groups 
of 30, wrere treated with either sulfapyrazme, sulfadiazine, sulfathiazole, sulfapyridme or 
sulfanilamide* The desired quantity of drug, suspended in 10% acacia, was administered 


* We arc indebted to the Ledcrle Laboratories for strains S, E, and H, and to the Cin- 
cinnati General Hospital for strain GH 

* The sulfapyrazme used in this study was provided through the courtesy of Mead John- 
son and Company, Evansville, Indiana, the sulfadiazine was provided by the American 
Cj anamid Corporation, Stamford, Connecticut Sulfathiazole and sulfapj rtdmc were ob- 
tained from Merck and Company, Inc , Rahway, New Jersey, and sulfanilamide was ob- 
tained from Burroughs Wellcome and Coropanj , Tuckihoe, New York 
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by stomach tube 2, 8 and 14 hours after infection and at 8-hour intervals thereafter for 5 
additional daj's® or as long within that time as the mice survived. 

Two groups of e.vperiments were carried out. In the first, the activity of the drugs was 
compared on the basis of equal dosage, 2.5 mgm. of each of the drugs being administered at 
the intervals indicated above. In the second group of experiments, activity was compared 
on the basis of similar concentrations of the drugs in the blood. In this test an attempt 
was made to obtain sulfonamide levels of 3 to 5 mgm, % at the time midway between treat- 
ments, i.e. 4 hours after dosage. The doses of the various drugs required to maintain this 
level were as follows: sulfapyrazine 2.5 mgm.; sulfadiazine 0.5 mgm.; sulfathiazole 5.0 
mgm.; sulfapyridine 2.5 mgm.; sulfanilamide 5.0 ragria. These doses were based on earlier 
studies (25) on the absorption of these drugs.^ 

Results. Activities of the sulfonamides administered in equal doses. From 
the data in table 1, it is readily apparent that on equal doses of 2.5 mgm., sulfa- 
pyrazine and sulfadiazine were definitely more active drugs than sulfathiazole, 
sulfapyridine and sulfanilamide. This was evident in infections with any of the 
four strains but was particularly striking in the infection with strain E, Here 
100% of the mice treated with sulfadiazine and 77% of those treated with 
sulfapyrazine recovered, whereas there were only 3% recoveries among the 
animals receiving sulfathiazole and sulfapyridine and none among those receiving 
sulfanilamide. 

Sulfadiazine and sulfapyrazine were approximately equal in activity. In 
infections with strains GH, H and E sulfadiazine was slightly more active than 
sulfapyrazine whereas against strain S sulfapyrazine was somewhat more active. 

As to the other three sulfonamides, sulfapyridine was definitelj^ more active 
than sulfathiazole which in turn was slightly more active than sulfanilamide. 
None of these three drugs had measurable curative activity against infections 
with strains GH, H or E. However, in infections with strain S, sulfapyridine 
cured 80% of the mice as compared with 34% cures with sulfathiazole and 7% 
cures with sulfanilamide. 

It is worth noting that the effectiveness of any one of the drugs varied consid- 
erably with the strain of Friedlander’s bacillus used as the infecting agent. Thus 
sulfadiazine, one of the most active drugs, cured only 34% of the animals infected 
with strain GH, whereas it cured nearly 100% of the mice infected with either 
strain S or E. Sulfapyridine, one of the weaker drugs, was almost devoid of 
curative activity’’ against strains GH, H and E, but cured 80% of the animals 

® Preliminary experiments comparing the therapeutic effects of single doses, treatments 
for 2 daj's and treatments for 6 days indicated that the G-day therapy was the most effective. 
It was also shown that small doses given for a long period were considerably more effective 
than large doses given for a short time. 

* It must be pointed out that the levels of the different drugs were only approximately 
equal. Differences in the rates of absorption and excretion make it very difficult to main- 
tain the same concentrations of all the drugs throughout the interval between treatments. 
Sulfathiazole and sulfanilamide are absorbed and excreted more rapidly than the other 
derivatives so that their maximum levels were somewhat higher and their minimum levels 
somewhat lower than those of the other sulfonamides. The concentration of sulfapyridine 
also dropped more than did the concentrations of sulfadiazine and sulfapyrazine. The 
average levels, taken at the time midway between treatments, were all between 3 and 5 
mgra. %. Detailed data on blood levels arc given in a previous report (25). 
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infected with strain S Similar difTcrenccs ■\\crc noted among the other drugs 
In no instance, however, was the relative order of activity of the drugs signifi 
cantly altered by the use of a particular strain 
Actmiies of the sulfonamides administered xn doses that maintain similar con- 
centrations in the blood The results of the experiments in which similar concen- 
TABLE 1 


The activity of equal doses of stdfapyrazine, sulfadiazinct sulfathiazole, sulfapyndine and 
sulfanilamide against infections with Friedlander's bacilli 


STVAIH 

VO or 

OVCANISIIS 
JN IKTECT 
l\C DOSE 

NO or VICE 
IN croup 

TICAT 

MCVT* 

KO OrDEATBS 

Dws aitex ivrEcnov 

AVEIACE 
Moms SOI 
VIVAL OP 

iO-SAY 

suxvzvoxs 

1 3 

4-6 

7 10 

]1 10 

21 30 

DUS 

No 

Fer ftnl 

GH 

6000 

20 

None 

20 

0 

0 

0 

0 

27 

0 

0 

(Type A) 


2S 

SPZ 

0 

1 

13 

7 

0 

246 

7' 

25 



29 

SD 

0 

0 

7 

12 

0 

272 

10 

34 



30 

ST 

n 

17 

2 

0 

0 

78 

0 

0 



30 

SP 

3 

15 

12 

0 

0 

133 

0 

0 



30 

SA 

27 

3 

0 

0 

0 

58 

0 

0 

S 

2900 

20 

None 

20 

0 

0 

0 

0 

29 

0 

0 

(Type A) 


30 

SPZ 

a 

0 

0 

0 

0 


30 

100 



28 

SD 

0 

2 

1 

0 

0 

141 

25 

89 



29 

ST 

0 

5 

6 

4 

4 

255 

10 

34 



30 

SP 

0 

2 

2 

1 

1 

245 

24 

80 



30 

s\ ' 

13 

10 

5 

0 

0 

95 

2 

7 

H 

5100 

20 

None 

20 

0 

0 

0 

0 

23 

0 

0 

(Type B) 


30 

SPZ 

0 

2 

21 

1 

0 

211 

6 

20 



29 

SD 

0 

1 

4 

7 

0 i 

239 

17 

57 



29 

ST 

0 

29 

0 

0 

0 

106 

0 

0 



30 

SP 

0 

7 

23 

0 

0 

154 

0 

0 



30 

SA 

16 

14 

0 

0 

0 

74 

0 

0 

E 

6200 

20 

None 

20 

0 

0 

0 

0 

35 

0 

0 

(Type B) 


30 

SPZ 

0 

0 

5 

2 

0 

281 

23 

77 



29 

SD 

0 

0 

0 

0 

0 


29 

100 



29 

ST 

11 

16 

1 

0 

0 

88 

1 

3 



30 

SP 

0 

12 

17 

0 

0 

152 

1 

3 



30 

SA 

25 

5 

0 

0 

0 

57 

0 

0 


* Drugs administered in doses of 2 5 rogm , 2, 8 and 14 hours after infection and every 8 
hours thereafter for 5 additional days 

SPZ « Bulfapyrazine, SD « sulfadiazine, ST = sulfathiazole, SP = sulfapyndine S\ =» 
sulfanilamide 

trations of the dnigs were maintained m the blood are giv en m fable 2 As was 
true when the dosp'i of the drugs were equal, sulfapj razme and •nilfadiazine had 
much greater activity than sulfapjridine, sulfathiazole or sulfanilamide In 
infections with three of the four strains, the activities of sulfapj razine and 
<ailfadiazme were essentially identical, in infections with the fourth strain (H), 
sulfapyrazinc was more elTectiv e than sulfadiazine 



120 


CLARA L. SESIiER AND L. H. SCH^nDT 


It is apparent from comparison of the data in tables 1 and 2 that the activity 
of sulfadiazine at a dosage of 0.5 ragm, was strikingly similar to its activity on a 
dosage of 2.5 mgm,' In infections with onlj’' one strain (H) was the effectiveness 
of 0.5 mgm. doses considerably less than that of the larger doses. 

TABLE 2 


7he activily of sulfapyrazine, sulfadiazine, sulfathiazole, sulfapyridinc and sulfanilamide 
when average levels of these drugs in the blood were similar 


STJtAJN 

JJO. OF 
osCA>rrsMs 
IN infect- 
ing DOSE 

NO. OF 
MICE IN 

TREATMENT* 

NO. OF DEATHS 

DAYS AFTER INFECHON 

AVERAGE 
HOURS SUR- 

30-day 

SURVIIORS 


CROUP 

i 

Drug 

Dose 

D 

B 

7-10 

IRQ 

IRQ 

MICE THAT 
DIED 






mgm. 







■ 

\mM 

GH 

4200 

20 

None 


20 

0 

0 

0 

0 

24 

mm 

0 

(Type A) 


30 

SPZ 


1 

1 

6 

8 

0 , 

230 

IQ 

47 



30 

SD 


0 

1 

7 

10 

0 

250 

19 

40 



30 

ST 

5.0 

1 

9 

19 1 

0 

0 

150 

1 

3 



30 

SP 

2.5 

2 

19 


n 

0 

131 

0 

0 



1 30 

SA 

5.0 

12 

15 


D 

0 

80 

\ 

3 

S 

4900 

20 

: None 


20 

0 

0 

0 

0 

26 

0 

0 

(Type A) 


30 

SPZ 


0 

1 0 

, 0 

, 0 



30 

100 



30 

SD 


0 

0 

' 0 

0 

! 0 


30 



i 

30 

ST 

1 5.0 

0 

2 

6 

5 

0 

246 

17 




30 

SP 

! 2.5 

0 

3 

4 

1 

0 

179 

22 




30 

SA 

5.0 

9 

11 

I 2 

0 

' 0 

93 

8 

E 

H 

: 10,500 

20 

■ None 


20 

0 

il 

0 

0 

24 

0 

0 

(Type B) 


30 

1 SPZ 

2.5 

0 

i 1 

1 15 

8 

! 0 

229 

6 

20 


! 

30 

SD 

0.5 

0 

1 0 

: 30 

0 

; 0 

216 

0 

0 



30 

ST 

5.0 

1 

10 

19 

0 

0 

151 

0 

! 0 



29 

SP 

2.5 

1 

12 

16 

0 

0 

143 

0 

0 



30 

SA 

5.0 

6 

23 

1 

0 

0 

84 

0 

0 

E 

7000 

20 

None 


20 

0 

0 

0 

0 

22 

0 

0 

(Type B) 


j 30 

! SPZ 

! 2.5 

0 

1 

2 

2 

0 

217 

25 

83 



1 30 

SD 

0.5 

0 

2 

2 

2 

0 

204 

24 

80 



' 30 

ST 

5.0 

0 

8 

17 

2 

0 

174 

3 

10 



1 30 

1 

1 2.5 

0 

16 

11 

0 

0 

142 

3 

10 



30 

! SA 

5.0 

13 

17 

0 

0 

0 

81 

0 

0 


* Drugs administered in indicated dosages 2, 8 and 14 hours after infection and every 8 
hours thereafter for 5 additional da^'s. 

SPZ « sulfapyrazine; SD = sulfadiazine; ST = sulfathiazole; SP = sulfapyridine; SA = 
sulfanilamide. 

Of the three less active sulfonamides, sulfapyridine and sulfathiazole had 
approximately equal activity, the effectiveness of sulfathiazole having risen 
considerably through increasing the dosage from 2.5 to 5 mgm. On the other 
hand, a similar increase in the dosage of sulfanilamide produced little increase 
in activity, this dmg being distinctly the least effective of the five sulfonamides 
studied. 
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These experiments reemphasize the difference in the effectiveness of the sul 
fonamides against different strains of Fnedlander’s bacillus In the test \\ith 
strain H, only sulfapj razine posi.c's'sed curative acti\ itj and its admmistration 
led to recoA ery of but G of 30 mice In contrast to this, all five dnigs had consid 
erable curative activity against strain S, e\en sulfanilamide leading to the 
recoA erj of 8 of the 30 animals 

COMPARATIAE ACTIAITY OP THE SULFONAMIDES AQUNST IRIEOHNDER8 BACILLUS IV 

\TTRO Methods The activities of sulfnpyrazme sulfacliaziiic suUapyndinc sulfathi 
azole and sulfanilamide against Fneillander s bacillus in tifro were compared in two differ 
ent media One medium was a beef heart infusion broth (pH 7 8) containing 2% 
neopeptone and 0 5% sodium chloride (26), 2% deribnnatcd rabbit blood was added to this 
medium just before use The otl er medium was the synthetic preparation (pH 7 6) of 
Sahyun and co workers (27) to which was added casein hjdroljsite as suggested b> 
MacLeod (2S) The casein h>drol>sate (SMACO Vitamin Free) was added in a concen 
tration of 0 1% 

Concentrated solutions of the various sulfonamides were prepared m each medium 
These concentrated solutions were diluted witb the appropriate basal medium and the dilute 
solutions were tubed in 9 cc quantities and sterilized by autoclaving After all constit 
uents including inoculum had been added the final sulfonamide concentrations were as 
follows in the beef heart medium 0 3 0 6 1 25 2 5 5 10 20 40 SOandlGOmgm % sulfa 
pjrazine sulfadiazine sulfathiazole and sulfapyndine and m addition 320 mgm % in the 
case of sulfanilamide m the synthetic medium 0 02 004 OOS 0 15 0 3 0 6 1 25 2 5 and 5 
mgm % sulfapyrazine sulfadiazine sulfathnzolc and sulfapjndmc and 0 3 0 6 1 25 
2 6 5 10 20 and 40 mgm % sulfanilamide 

In testing the activity of the sulfonamides the following procedure was used The 
strains of Fncdlander s bacillus obtained from a mouse passage culture were subcultured 
twice in the control medium m which the test was to be performed each subculture being 
incubated 12 hours A 1 20 000 dilution of the second subculture was prepared in the basal 
medium and 1 ec quantities of this dilution were added to each of five senes of tubes con 
taming the different sulfonamides in the concentrations mentioned above The resulting 
cultures w ere incubated at 37 5"C visual ra.eaaurera.eats of grow th being made at 12 24 and 
48 hours At least tw o separate teats were earned out w xth each of the four strains 

Results The results of typical tests are suramanzed in table 3 From the 
data presented here it is at once e\ ident that the quantities of sulfonamide re 
quired to inhibit growth av ere much larger in the complex beef heart medium than 
m the synthetic medium 

The relatiAe actiAities of the vanous sulfonamides, Avith the exception of 
sulfamlamide, also depended upon the medium used m the test Thus m the 
beef heart medium sulfathiazole aa as clearlj the most effective of the five drugs, 
being consistently more active than sulfapyrazme, sulfadiazine and sulfapyndme, 
the latter three compounds Avere essentially identical m actiA ity In the syn- 
thetic medium, on the other hand, sulfathiazole aaes no more active than sulfa 
pjrazme and sulfadiazine These three sulfonamides AACre approxunatelj equal 
in actiAitv and Avere considerably more active than AAas sulfapyndine In both 
media sulfanilamide aa as by far the least actiA e drug 

The amounts of the a anous drugs required to inhibit growth m the synthetic 
medium maintained a fairly constant ratio m the case of all four strains As 
judged by the maximum sulfonamide concentrations permitting grOAAth at 48 
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hours, sulfapyrazine, sulfadiazine and sulfathiazole were approximately four 
times as active as sulfapjTidine and 60 times as active as sulfanilamide. In the 
beef heart medium the concentrations of drug required to inhibit growth com- 
pletely were not al'vvays reached. However, where the inhibitory concentrations 
were attained, sulfathiazole appeared to be about twice as active as sulfapyrazine, 
sulfadiazine and sulfapyridine and about 30 times as active as sulfanilamide. 

The strains of Friedlander's bacillus differed markedly in sulfonamide sensi- 
tivity and, with the exception of strain S, the order of sensitivity varied with the 
test medium. In the beef heart infusion broth, strain E w’as more sensitive than 
strain H, which in turn was more sensitive than strain GH. In the synthetic 
medium, how^ever, strain H was the most sensitive of these three strains and 

table 3 


Comparison of the in vitro activity of sulfapyrazine^ sulfadiazine ^ sulfathiazoUj sulfapyridine 
and sulfanilamide against Friedlander^s hacilli grown in beef heart and synthetic media 



1 

moctauMj 

niCBEST SULrONAUJUE* CONCENTRATION PERMITTING VISIBLE CROWTK (UGU. PER CENT) 

STRAIN 

ORCAN1SUS ! 
PER CC. I 

After 12 hours incubation 

After 48 hours incubation 


CULTURE j 

SPZ [ SD [ ST 1 SP 1 SA 

SPZ 1 SD I ST j SP j SA 


Test in beef heart medium 


GH— Type A...' 

m 

160 

WM 

1 40 

|l60 

|320 

IBM 

n 

80 

160 

|320 

S— Type A 


0.3 


|<0.3 


10 i 



0.3 

0,6 

10 

E — ^Type B I 

2700 

20 


I 5 





20 

80 


H— Type B 

2100 

20 1 

IH 

10 



lIJi 

H 

40 

160 

11 


Test in synthetic medium 


GH— Type A . . 

1000 

Mg 

0.02 

0.02 

BB 

1.25 

0.15 


0.15 

0.6 

10 

S— Type A 

1000 


<0.02 



KO 

mtnisj 

MBS 


mtium 

5 

E — Type B 1 

1700 

■Qe ' 

0.08 

MB 

Hi 

5 

^^9 

0.6 


1,25 

1 20 

H— Type B . . . j 

2100 

BE 

0.04 

BB 

0.15 

1.25 

o.os 

0.08 

O.OS 


5 


♦ SPZ = sulfapyrazine; SD = sulfadiazine; ST — sulfathiazole; SP == sulfapyridine; 
SA = sulfanilamide. 


strain E was the least sensitive. In both media strain S was the most sensitive 
of the four strains. The high sensitivity of this strain may have been due in part 
to its slow growth. It grew poorly in the synthetic medium and more slowly 
in the beef heart broth than did the other three strains. Differences in sensi- 
tivity of the other three strains were not related to growth since all grew ivell in 
both media. 

‘ Discussion. The results of the in vivo experiments presented in this report 
suggest that of the sulfonamides tested, sulfadiazine or sulfapyrazine would be 
the drug of choice in the treatment of Friedlander’s bacillus infections. Both 
dose for dose and on equivalent blood levels, these two sulfonamides were con- 
siderably more effective against experimental infections in mice than were sulfa- 
pyridine, sulfathiazole or sulfandamide. 
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The greater actuitj of equal doses of sulfadiazine and sulfapjrazme may be 
partlj explained by the absorption and excretion charactenstics of these two 
drugs On the 2 5 mgm do‘?es used m these experiments the concentrations of 
sulfadiazine in the blood w ere much higher than those of the other four drugs 
(25) and these higher levels were maintained throughout the entire period be 
tween treatments The maximum concentration of sulfapjTazine produced bj 
this do'^age was more similar to the maximum concentrations of sulfapyndme, 
sulfathiazole and sulfanilamide but unlike the«je latter three drugs the level of 
sulfapjTazme was maintained at a constant point throughout the entire interval 
between treatments 

The higher le\ els of sulfadiazine and the maintenance of a constant amount of 
sulfapyrazine in the blood are undoubtedly important factors in the superior 
effectueness of these two drugs when compared with the others on the basis of 
equal doses That these factors do not wholl3 account for the superior acti\ ities 
of sulfadiazine and sulfapjrazine, however is suggested bj the results of expen 
ments m which the doses of the different sulfonamides were adjusted that the 
le\ els in the blood w ere more similar Here again sulfapjTazmc and sulfadiazine 
were much superior to sulfapj ridine, sulfathiazole and sulfanilamide Although 
it must be admitted that the Ie\els maintained m these experiments were onlj 
approximately equal*, it is believed that the differences in activity were much 
greater than could be accounted for b} these variations alone It seems prob 
able, therefore that sulfadiazine and sulfapyrazme have inherently greater 
activity agamst infections with Fnedlander s bacillus than do the other sulfon 
amides tested here 

It IS of interest to compare the order of activity of the \ anous sulfonamides 
against infections with Fnedlander’s bacillus with the order of activitj agamst 
infections w ith other organisms The relative activities of v anous drugs agamst 
a specific mfection can best be determined when equal levels of the dnigs are 
maintained in the blood Under such circumstances Long and co workers (29) 
found that sulfathiazole w as more effectiv e against experimental pneumococcal 
infections than sulfadiazine and sulfapyndme, which were approximate^ equal 
m activity Against infections with Eschenchta colt White and co workers (30) 
found that sulfadiazme and sulfathiazole were approxunatelj equal m activitj 
and were somewhat more effective than sulfapjTidme and almost ten times as 
active as sulfanilamide Long and Bliss (29) found that sulfadiazine and 
sulfanilamide vvere equally active against ^hemolytic streptococcal infections 
Our own experiments (25) on 0 hemolytic streptococcal infections have shown 
that when similar blood levels are mamtamed, sulfadiazine sulfapyrazme, 
sulfathiazole, sulfapyndme and sulfanilamide all possess Cssentiallj the same 
activitv It w ill be recalled that these orders of activity are all different from 
that observed abov e m infections with Fnedlander s bacillus, in which sulfadi 
azine and sulfapyrazine were markedly supenor to sulfapyndme and sulfathi 
azole which m turn were slightlj more effective than sulfanilamide Whether 
these differences m order of activitj mdicate that certam drugs have a specific 
action agamst certain organisms or whether they merel} reflect some peculiar 
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characteristic of the infection, is not known. In connection with the first sug- 
gestion, White and co-workers (30) observ^ed specificity in the in vitro action 
of certain sulfonamides against pneumococci, /3 hemolytic streptococci and 
Streptococcus viridans. As to the latter suggestion, it is noteworthy that there 
are important differences in the experimental infections produced by Escherichia 
colij pneumococci, ^ hemolytic streptococci and Friedlander's bacilli in the 
mouse. 

A second point brought out in the present study is that infections wdth different 
strains of Friedlander's bacillus vary widely in their susceptibility to sulfonamide 
therap 3 ^ This fact not only maj" account for the conflicting results in the 
sulfonamide treatment of experimental infections but may w'ell explain the diver- 
gent reports and opinions as to the clinical activity of these drugs. It is fairly 
apparent that infections with some strains of Friedlander’s bacillus will respond 
fairly well to treatment with sulfanilamide while othem will not respond w’ell 
even to sulfadiazine or sulfapyrazine, the most effective drugs. 

It was difficult to correlate the results of the in vitro tests with the results ob- 
tained in the treatment of the experimental infections. In the first place, the 
order of activity of the drugs was not the same in vitro as in vivoj except in the 
case of sulfanilamide, which under both conditions was the least active sulfon- 
amide. In vitro^ sulfathiazole was as active or more active than sulfadiazine or 
sulfapyrazine. In vivo^ however, sulfathiazole was always much Jess effective 
than these other two drugs. Sulfapyridine, which in vitro was distinctly less 
active than sulfathiazole, had essentially the same or slightly greater activity 
in vivo. Differences in the order of actmt}^ of the sulfonamides in vivo and in 
vitro have been noted previous^ in 'work on pneumococci (31). 

It was also noted that the response of the different strains in vivo did not paral- 
lel the sensitivity of the organisms in vitro (Strain S excepted). This obsen^ation 
is not peculiar to the present experiments but has been noted prevdousl}” in work 
with pneumococci (26, 31). Undoubtedly organisms have characteristics such 
as virulence, invasiveness and antigenicity, which affect the outcome of an in vivo 
experiment but do not affect tests in vitro. 

In addition to the differences between in vivo and in vitro activity it was noted 
that the order of activity of the drugs in vitro was affected by the composition 
'of the test medium. In the complex beef heart broth, sulfathiazole was more 
effective than any of the other drugs against all four strains of Friedlander's 
bacillus. In the synthetic medium, however, sulfathiazole was no more active 
than sulfadiazine and sulfapyrazine. In the beef heart broth sulfapyridine 
appeared to be about as effective as sulfadiazine and sulfapyrazine but in s^m- 
thetic medium it 'v\’as considerably less effective. The explanation for this 
variation in order of activity is not known. Strauss and Finland (32) working 
Viith pneumococcus, and (30) working with Escherichia coliy have suggested 
that the different sulfonamide derivatives are inhibited to varjnng degrees in 
different media. White (30) has also suggested that the derivatives may %'ary 
in their inhibitory effect on the metabolism of p-aminobenzoic acid and peptone. 
There may be other metabolic processes also which are affected to varying 
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degrees by the different drugs, These principles may apply to the effects of the 
sulfonamides upon the growth of Friedlander’s bacillus in different media. . Not 
only may they explain the differences in activity of the various drugs in the dif- 
ferent media used in the tn vitro tests, but they may also explain the differences 
found between the orders of activity in vivo and in ri/ro. 

SUMJIARr 

A study has been made of the relative effectiveness of sulfapyrazine, sulfadi- 
azine, sulfapyridine, sulfathiazole and sulfanilamide against experimental infec- 
tions with four different strains of Friedlandcr’s bacillus and against these strains 
tn vitro. Both when equal doses of the different drugs were administered and 
when similar concentrations were maintained in the blood, sulfapyrazine and 
sulfadiazine were much more active than sulfapyridine and sulfathiazole which 
in turn were somewhat more active than sulfanilamide. Sulfapyrazine and 
sulfadiazine were approximately equal in. activity. 

Infections with the different strains varied in their responsiveness to sulfon- 
amide therapy but the order of activity of the various drugs was the same w’ith 
all strains. 

The order of activity of the different drugs in vitro was influenced by the 
composition of the test medium. In beef heart broth, sulfathiazole was the most 
effective drug; sulfapyrazine, sulfadiazine and sulfapyridine were approximately 
equal in activity, and sulfanilamide was the least active of the five drugs. ^ 
the synthetic medium, however, sulfathiazole, sulfadiazine and sulfapyrazine 
were approximately equal in activity; sulfapyridine was less active and sulfanil- 
amide was again the least active derivative. Possible explanations for these 
differences in order of activity are discussed. 

The orders of activity of the various derivath’es against Friedlander's bacillus 
tn vitro showed no correlation with the order of activity tn vivo except that sulfa- 
nilamide was the least active drug in both cases. The significance of these 
observations has been discussed. 

The various strains of Friedlander’s bacillus differed in tn vitro sensitivity to 
the sulfonamides. The orders of sensitivity of the strains were different in the 
two kinds of’ media except for strain S, which was the most sensitive strain in 
both media used. 
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In a previous communication (1), it w as reported that cymann and coumingme 
hydrochloride ere much more potent m frogs at high temperatures than at low 
ones Using the same specially air conditioned laboratory, v,e studied 11 addi 
tional drugs diammo diphenyl sulfone, insuhn, sulfanilamide, sulfapyndme 
sodium, sulfathiazole sodium, strychnme sulfate, picrotoxin, tutm, acomtme 
hydrobromide, harmme hydrochloride, and scopolamine hydrobromide The 
specimen of insuhn was Standard S 225, 22 5 u per mg , Insuhn Committee, 
Umversity of Toronto Both tutm and harmme hjdrochlonde were isolated 
m our o^^^l laboratory from Conorza tkymofoUa and Bamsiena Caapt, respectively 
(2, 3) The experiments were earned out in white mice of the same stram, each 
weighmg between 14 and 20 gm With the exception of diammo diphenyl 
sulfone all drugs were mjected mtra\enously Solutions of various strengths 
were prepared, so that the dose volume of each substance by vem did not exceed 
0 6 cc Diammo diphenyl sulfone being practicallj insoluble m water, was the 
only member of the senes that was used m acacia suspension and given to mice 
by stomach tube 

The special laboratory employed m the work measures 332 J square feet, and 
IO3 feet high The range of temperature possible in the room is from 25 to 
40®C dry bulb all j ear round wath a fluctuation of rfc 0 25'’C , having a relative 
humidity of 40 per cent and an almost constant air current The desired condi 
tions are controlled by a set of wet- and dry bulb thermostats ^ In the winter 
months when the outside air is cool, a temperature of 20®C or less dry bulb m 
the room can be attained In that case the air current and relative humidity 
ha\ e to be altered The animal cages, resting on racks w ere placed m the center 
of the room, and w ork benches installed next to one of the walls Pnor to ad 
naimstration of drugs, all mice were starved for 16 to 18 hours 
The object of the experiment was to determine at each temperature the toxicity 
of 10 substances by employmg several dose levels and amv mg at the median 
lethal dose (LDbo) With insuhn, strychnme sulfate, picrotoxm, and tutm, the 
median comnilsive dose (CDjo) was carefully estimated The LDeo of the last 
3 products w as also ascertained The number of mice used for the determination 
of either LDjo or CDto varied from 9 to 145 The number of animals on each 
dose also vaned — a minimum of 4 and a maximum of 20 
The results are summarized m table 1 The median lethal doses (LDto ifc 
standard error) of diammo diphenyl sulfone, sulfanilamide, sulfathiazole sodium, 
strychnme sulfate, tutm, aconitine hjdrobromide, harmme hydrochlonde, and 

* A full description of the construction of this laboratory will be furnished upon request 
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TABLE 1 


i?oom temperature and drug reaction in mice 


DKUC 

REAcrroN 

STUDIED 

soou 

TEUPEUA- 

TT7EE 

KUSIBEE or 
mCE USED 

MEDIAN DOSE ± S.E. 



“C. 


mf . Per kg. 

Diamino-di phenyl 

LD(o 

20 

65 

382.3 

±43.8 

_ sulfone 


25 

45 

495.8 

±53.2 



30 

75 

255.0 

±22.2 



35 

80 

151.5 

±15.0 



40 

145 

49.82 

± 3.26 

Insulin 

O 

d 

20 

51 

> 0.009 




25 

40 

0.005644 ± 0.001210 



30 

78 

0.001630 ± 0.000206 



35 

40 

0.000311 ± 0.000060 


i 

i 40 

50 

0.000107 ± 0.000017 

Sulfanilamide 

LDbo 

20 

35 

636.5 

±15.4 



25 

9 

621.0 

±32.6 



30 

20 

557.7 

±16.8 



35 

15 

631.1 

±23.0 



40 

20 

623.0 

±22.3 

SuUapyridine sodium 

LDio 

20 

25 

75S.2 

±22.2 



25 

40 

846.5 

±19.0 



30 

i 25 

837.9 

±16.1 



35 

30 

742.3 

±57.4 



40 

40 

481.2 

±15.0 

Sulfathiazole sodium 

LDjo 

20 

30 

969.0 

±44.7 



25 

40 

1244.0 

±50.0 



30 

40 

1013.0 

±35.0 



35 

30 

902.8 

±36.5 



40 

40 

845.0 

±28.9 

Strychnine sulfate 

CDfio 

20 

30 

0.3682 

± 0.0075 



25 

45 

0.3751 

± 0.0137 



30 

35 

0.3060 

± 0.0097 



35 

30 

0.4042 

± 0.0140 



40 

55 

0.3655 

± 0.0232 

Strychnine sulfate 

LDso 

20 

55 

0.4296 

± 0.0172 



25 

45 

0.4754 

± 0.0271 



30 

50 

0.4041 

± 0.0165 



35 

35 

0.4192 

± 0.0205 



40 

45 

0.3580 

± 0.0151 

Picrotoxin 

CDso 

20 

25 

1.585 

± 0.079 



25 

15 

1.530 

± 0.092 



30 

25 

1,298 

± 0.059 



35 

15 

1.581 

± 0.125 



40 

20 

1.140 

± 0.068 
































ENVIRONMENTAL TEMPERATURE AND DRUG ACTION 


129 


TABLE \~Coni\nxt€d 


CXDC 

XEAcmov 

STODIZD 


KCITBtK or 
VICE xrsro 

UXDIAN DOSE ::k S E 



•c 


mj 

f€r It 

Picrotoxin 

LD»o 

20 

35 

3 464 

± 0 004 



25 

45 

2 895 

± 0 090 



30 

50 

2 GS2 

± 0 084 



35 

15 

2 534 

± 0 234 



40 

30 

I 958 

± 0 229 

Tutm 

CD»o 

20 

20 

1 2GG 

± 0 076 



25 

20 

1 320 

± 0 0-13 



30 

40 

1 060 

± 0 019 



35 

15 

0 968 

± 0 030 



40 

15 

0 941 

db 0 030 

Tutm 

LDio 

20 

40 

2 423 

db 0 073 



25 

30 

2 990 

± 0 131 



30 

25 

2 685 

d: 0 009 



35 

25 

: 2 073 

± 0 095 



40 

1 ^ 

1 774 

± 0 070 

Aconitine bydrobro 

LDto 

20 

35 

0 2891 

^ 0 0158 

midc 


25 

40 

j 0 2321 

± 0 one 



30 

45 

0 1875 

d= 0 0102 



35 

60 

0 2051 

d: 0 0097 



40 

30 

0 1719 

dz 0 0100 

Harmine hydrochlo 

LDio 

20 

34 

44 67 

± 2 87 

ride 


25 

40 

38 19 

± 1 89 



30 

40 

35 15 

± 1 76 



35 

25 

32 63 

± 2 06 



40 

50 

21 60 

± 1 17 

Scopolamine hydro 

LD» 

20 

40 

190 4 

±87 

bromide 


25 

30 

202 5 

±12 0 



30 

23 

2IS 1 

±19 0 



35 

20 

210 8 

±16 8 



40 

25 

163 5 

±12 0 


scopolamine hydrobromide, and the median convulsive doses (CDjo rt standard 
error) of picrotoxin and tutm m ere computed by the combined slope of all tern 
peratures— as shouTi m the last column With the exception of 20“C , the 
median convulsive doses of insulin were also computed bj^ the common slope 
The median lethal doses of sulfapyndine sodium and picrotoxin, and the median 
convulsive doses of strychnine sulfate, on the other hand, nere calculated from 
their individual slopes, for the x" of the combined slope exceeded the 5 per cent 
point (4) 

It IS obvious that temperature has a remarkable effect upon the toxicity of 
diamino diphenyl sulfone At 40^0 the substance is almost 10 times as toxic 
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as at 25®C. There is a slightly higher toxicity at 20°C. than at 25®C., but no 
adequate explanation can be offered at present for this irregularity. 

The temperature effect with insulin in mice by intravenous injection is even 
more impressive. At 20°C. only 6 out of 51 mice convulsed, covering a veiy 
wide range of doses, from 0.001 to 0.009 mg. per gm. The median convulsive 
dose (CDso), if estimable, must therefore exceed 0.009 mg. per gm. The average 
time before the onset of convulsions in the 6 mice was 115 db 30 minutes. When 
the temperature was raised to 25, 30, 35, and 40°C., the CDgo's became progres- 
sively smaller, indicating an increase in potency with the rise of room tempera- 
ture. Indeed, it may be said that insulin in mice at 40°C. is more than 50 and 
80 times as potent as at 25 and 20°C., respectively. The speed of action also 
increases ^^nth the rise of room temperature as judged by the decrease of the 
latent period for development of convulsions. The average time between injec- 
tion and first convulsion was 156 zfc 19 minutes at 25®C.; 95 db 7, at 30'^C.*, 41 d: 
4, at 35°C.; and 28 rt 3, at 40°C. The above data substantiate the conclusions 
of our predecessors. Yoegtlin and his associates (5, 6) stated that the toxicity of 
insulin in rats increased with the rise of room temperature. Huxley and Fulton 
(7) showed that the speed of action of insulin in frogs also increased with the 
elevation of temperature. Other investigators (8-10) reported that convulsions 
following insulin, in the cat, the dog, the woodchuck, and the mouse, were in- 
hibited by a drop of atmospheric temperature. 

Of the 3 sulfonamides, sulfapyridine sodium and sulfathiazole sodium appear 
to show a similar trend in toxicit}^ but much less decisive as compared with 
diamino-diphenyl sulfone and insulin. The toxicity of sulfanilamide is the only 
one that is not influenced by changes of temperature. Larson, Levine, Bieter, 
and McLimans (11) found that mice infected with Type II pneumococci and 
treated \vith sulfanilamide lived longer at 21 ®C. than at 36.7°C. No information 
is available as to whether or not the remaining chemotherapeutic agents of our 
series have a similar behavior. 

The convulsive dose of strychnine sulfate in mice is apparently unaltered by 
temperature. Con\ailsions took place so quickly that practically no difference 
in the rapidity of onset of convulsions could be detected at various temperatures. 
The same can be said of its lethal effect. Only at 40°C. is the toxicity of this 
alkaloid slightly elevated as sho^\^l by the smaller LDso. In this connection, it 
would be interesting to mention the data for frogs and toads — ^both cold-blooded 
animals — published by other workers. Schlomovitz and his associates (12, 13) 
demonstrated in frogs that the average time between the injection of strychnine 
and the first convulsion was 565 seconds^ at 2®C., and 34 seconds at 36°C. In 
fact the response was so uniform that the authors could predict the onset of 
convulsions at any temperature. Lambruschini (14) found that in the South 
American toad, Bufo arenarum^ the fatal dose of strychnine sulfate at 3°C. was 
0.15 mg. per gm. and that at 30°C., 0.06 mg. per gm. The drug in both species 
of animals was of course administered by injection into the lymph sac, while in 
our experiments with mice, it was given intravenously. The results are, there- 
fore, not entirely comparable 

Tlie response of mice to picrotoxin in developing convulsions is somewhat 
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irregular at different temperatures — the CDso being smallest at 40'’C , next at 
30*0 , and still next at 35, 25, and 20®C In general, as sho^\'n in table 1, the 
doses are not very far apart There is some evidence of difference in the speed 
of action The average time between injection and first convulsion was 17 4 ± 
1 8 minutes at 20®C , 18 i 1 5, 25®C , 12 1 i 1 6, 30®C , 10 ± 2 9, 35®C , and 
10 3 ± 0 8, 40'’C The median lethal doses varj more uniformly ivith tempera 
ture, smallest at 40®C and largest at 20°C The response of the mouse is again 
not the same as that of the frog for Fulmer and Breipohl (15) reported that 
picrotoxin was 3 times as toxic to frogs at 30®C as at 19®C 
With tutin the environmental temperature has some effect on its convulsne 
dose, being smallest at 40°C There is a discernible difference in the speed of 
action between two temperature ranges, namely, 20-25®C and 30-40°C The 
average time between injection and first convulsion is as follows 30 0 d= 3 2 
minutes at 20®C , 28 5 ± 3 2, 25®C , 20 8 ± 1 3, 30®C , 19 9 ± 1 2, 35®C , and 
21 4 =b 1 C, 40®C The toxicity of tutm as judged by its LD6o follows a similar 
trend At 40®C , it was relati\ely more toxic than at lower temperatures 
Acomtme hydrobromide has a tendencj to be less toxic at 20-'2o°C than at 
30-40®C The increase m the toxicitj of harmine hj drochlonde w ith the rise of 
temperature is regular and definite At 40°C , it is slightly more than twice as 
toxic os at 20°C Regarding scopolaimne hj drobromide, it is significantly more 
toxic at 40°G than at 20-3 5®C 

The rectal temperature of all the insulin mice was recorded by a thermocouple 
before mjection The average rectal temperature was 34 G5® db 0 25®C at 
room temperature of 20®C , 35 04® db 0 19®C , at 25®C , 36 83® rfc 0 13®C , at 
30®C , 37 86® ± 0 16®C , at 35°C , and 38 48® ± 0 10®C , at 40®C These flue 
tuations are m line with Herrington s findings (1C) It appears that m some in 
stances a pharmacologic reaction has a resemblance to a chemical reaction 
Thus, m the present series of experiments, a rise m environmental temperature, 
which IS responsible for a rise m the mouse’s rectal temperature, increases both 
the speed and intensity of insulin action on the one hand, and the toxicity of 
diamino diphenj 1 sulfone on the other This, however, is not true with all 
drugs, for the action of some is almost independent of temperature Equally 
important is of course the animal employed Certain animals show a marked 
\anation of susceptibility to drugs due to temperature, while others are able to 
withstand such changes mthout altenng their response to drugs 

SUMMARY 

1 Of 11 drugs studied in mice at various temperatures, diamino diphenyl 
sulfone given bj mouth is showm to be approximatel> 10 times as toxic at 40®C 
as at 25®C 

2 Insulin injected by vein is more than 80 times as potent at 40®C as at 20®C 
The onset of comnilsions occurs sooner at high temperatures than at low ones 

3 Hamune hydrochlonde administered intravenous^ is also increasingly toxic, 
although to a less degree, with the nse of temperature It is about tw ice as toxic 
at 40®C as at 20®C 

4 There is a suggestion that the to\icit> of sulfapyndme sodium, sulfathia 
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zole sodium, str^’-chnine sulfate, picrotoxin, tutin, aconitine hydrobromide, and 
scopolamine hydrobromide, increases with the elevation of temperature — 
particularly at 40°C. as compared with lower temperatures. The lethal dose of 
sulfanilamide is least influenced by temperature. 

5. Mice appear more susceptible at 40°C, to picrotoxin and tutin in developing 
convulsions than at 20'-25®C. The speed of action is also accelerated at higher 
temperature levels. 
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Alkaloids obtained from \ anous species of Scnccto are of particular interest, 
because the majontj of them so far studied produce hepatic necrosis when ad 
ministered to laboratory animals (l-C) For some time Adams and his co 
workers (7-14) ha\e been mvestigating the structure of monocrotahne, an 
alkaloid similar, both chemically and pharmacological Ij (15), to Senecio bases 
Their work has been extended to se\eral new alkaloids of Scnecio (IG) In 
June, 1941, Professor Roger Adams, department of chemistry, Unnersity of 
Illinois, Urbana, generously supplied us with a specimen of carthamoidine, an 
alkaloid isolated m his laboratory from Senecio carthamoidcs On account of the 
war, his chemical work has been interrupted, and the publication of his results 
IS consequenth postponed How e\ cr, Professor Adams has kindly permitted 

us to report our data m animals at this time 
A 1 percent solution of carthamoidine was prepared by dissoUing the material 
m an equimolecular amount of hydiochloric acid Single, graded doses were 
injected intravenously into albino mice A total of SO animals was employed 
Death w as gradual, occurring m from a few hours to 3 day s In general, the mice 
which received the largest doses died first The observation period was 1 week, 
at the end of which all the surviving mice were chloroformed The median 
lethal dose db standard error, computed from the mortality figures, as given m 
table 1, was C8 32 rt 2 44 mg per kg 

Necropsies viere carried out on 23 mice that died, and on 23 others that were 
sacrificed Of the former group, 1 animal injected with a do&e of 62 mg per kg 
died 7 days after injection, obv lously due to an infection Its v iscera showed no 
lesions attributable to the drug Of the remaining 22 mice, 5 developed slight 
ascites, 1, slight hydrothorax, and 1, pulmonary edema Four of 13 thymuses 
examined show ed necrosis of cortical ly mphocytes 
As with the administration of other Scnecio alkaloids, the most prominent 
feature following the injection of carthamoidine was necrosis of the liver Ne 
crosis w as periportal in 18 mice, midzonal in 3 others, and central in only 1 animal 
An example of periportal necrosis is illustrated in figure 1 The areas of necrosis 
are therefore more like those caused by pterophine — namely, predominantly 
periportal (C) With the remaming alkaloids of Senecio which we have studied, 
central necrosis of the Uv er is the usual picture 
As‘?ociated with necrosis were sinusoidal congestion of various degrees, and 
hemorrhage into the cords of necrotic cells In the hv ers of 8 mice, congestion 
and hemorrhage were so locahzed and intense that a rcsiemblance to cavernous 
hemangioma occurred a lesion we have prev lously observed with other iSenccio 
alkaloids In some regions, hemorrhage was so severe that cell coids were dis 
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rupted, and it appeared that many cells had been washed away. Leukocytic in- 
filtration of necrotic cells Avas usually slight, and was never abundant. One of 

TABLE 1 


Toxicity of carthamoidine 


COSE 

KUMBER DIED 

1 NmcBER ADTOPSIED 


KtnOiER USED 

After death 

After sacrifice 

fWf . per kg. 

50 

1/5 

1 

4 

56 

0/5 


5 

62 

2/10 

1* 

8 

70 1 

4/10 

4 

1 6 

80 

10/10 

10 


100 1 

5/5 

4 


125 1 

6/5 

3 



* This animal died 7 days after injection from an intercurrent infection. 



Fig. I. Periportal necrosis of the liver produced by carthamoidine. X 110. Mouse, 
numbered 35, female, received a single intravenous dose of TO mg. per fig. of carthamoidine 
and died 30 hours later. There is e.xtensive periportal necrosis with hemorrhage into cords 
of necrotic cells, and in several places there is extreme sinusoidal congestion or hemorrhage. 
Erythrocytes are not clearly seen. The small irregular black dots are nuclei of leukocytes 
and fragments of liver cell nuclei. A small bile duct is visible next to one of the two portal 
veins in the field. Cells about the central veins arc normal. 


the mice which showed midzonal hepatic necrosis also had acute intracapillary 
glomerulonephritis. This is the only example of renal injurj' out of the 50 
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animals injected It may not be necessarily due to the toxic action of the 
alkaloid On the other hand, seneciphj lime uniformly induced cloudj swelling 
of the kidnej, as shown previously in this laboratorj (4) 

In the 23 mice which surv ived doses ranging from 50 to 70 mg per kg , no gro‘?s 
abnormalities were observed Tissues of 5 were examined microscopically, and 
found normal 

Carthamoidme inhibited the isolated rabbit’s small intestines in concentra- 
tions of 1 . 10,000 to 1 5,000 It stimulated the isolated guinea pig’s uterus m the 
concentration of 1 , 10,000 In ethenzed cats, 50 mg of carthamoidme injected 
by the femoral \em cau'jed a marked fall of arterial blood pressure with prompt 
recovery. 


SUMMAnX 

Carthamoidme m suitable doses produces slow death and necrosis of the liver 
in mice when injected intravenously The lesion is predominantlj penportal, 
siimlar to that caused by pterophme Carthamoidme inhibits the isolated 
rabbit’s intestines, stimulates the isolated guinea pig’b uterus, and lowers blood 
pressure m ethenzed cats 
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Recently it '^vas reported from this laboratory that in human smokers urinary 
nicotine elimination is markedly affected by the pH of the urine (1). In brief, 
it was. found that when the urine was alkaline onl}'’ one-fourth as much nicotine 
was eliminated as when the urine was acid. This difference was explained on 
the basis of greater nicotine resorption through the urinary mucosa from an 
alkaline urine, the alkalinity increasing the proportion of alkaloidal base, the 
form in which, presumably, the alkaloid is most efficiently resorbed. 

Because the pKa value of quinine is so similar to that of nicotine (8.3 vs. 8.07, 
fig. 1), it was thought that the elimination of quinine might behave in a manner 
similar to that of nicotine. This possibility seems especially interesting in view 
of the observations of Gnilosirova-GuiyTa (2) on the importance of alkaline diets 
during quinine therapy, and Sinton's (3) recommendation of alkalies as useful 
adjuvants to quinine in the treatment of malaria. Accordingly, we have made 
the following studies on the effect of changes in urinar}^ pH on the urinary elimi- 
nation of quinine in man. 

Experimental. The Bubjects were male medical students in apparent good health. No 
restrictions were placed on their habits, except that they w'crc requested to keep their urine 
volume as constant as possible during the experimental periods. 

For the purpose of acidifying the urine 1 gram of ammonium chloride was given orally 
four times a day; for alkalizing the urine 4 grams, more or less, of an eflfcrvescent alkaline 
preparation was given six times a day. No difficulty was encountered in maintaining the 
urine acid. With some individuals alkalinization was difficult, and with one subject it was 
impossible to maintain the pH above 6.94 satisfactorily. pH determinations were made 
with a glass electrode. 

One-half gram quinine (as the sulfate) was administered orally in capsules wdicn the 
urine had reached the desired pH, and two consecutive 24 hour samples of urine were col- 
lected. The subjects continued to take the acidifying or alkalizing drugs during the entire 
period. In some subjects a 24 hour control specimen of the urine w'as also collected im- 
mediately before administration of the quinine. 

Quinine determinations were made by the fluorimetric method of Kelsey and Gelling (4) 
on ether extracts of the urine. In three experiments in which 10 mg. of quinine was added to 
100 cc. of urine the average recovery was 9S%. Specimens of urine from four subjects prior 
to receiving quinine w’ere entirely negative for quinine by this method. 

A second series of quinine determinations w'as made on the urine without extraction and 
purification. Control experiments showed that if properly diluted (1:100-1:200) the aver- 
age recovery amounted to 92% of the quinine added. When four samples of urine from 
subjects not taking quinine were tested by this technic fluorimetric readings were obtained, 
indicating the presence of from 0 to 4 mg. equivalent of quinine for a 24 hour sample. 

Results and discussion. Table 1 gives the results obtained on ether ex- 
tracts of urine, and shows that about twice as much quinine was eliminated 
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\\hen the urine was acid as when the unne was alkaline This indicates to us 
that quinine is more activelj resorbed from the urinarj tract when the unne is 
alkaline than when it is acid The elimination \alue3 as a whole fall within the 



Fig 1 ErrECT or pH on the pERCENTAOb or Nicotine and Quinine Present as the 
Alkaloidal Base 

The above curves were constructed from values obtained using the formula pH =* pTv« + 
log The pK, value used for quinine was that obtained by Sir S Rickard Christophers 

(Ann Trop Med 31 43 1937) The pKa value used for nicotine was obtained by us by 
electrometric titration 

range reported by other investigators (5) Subject No 10 w as unable to elevate 
his urmary pH above C 94, nevertheless there was a slight difference between 
the qumine elimination at this pH and at pH 5 06 
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While it has been sho\ra that the oral administration of alkalies apparently 
facilitates absorption of quinine from the gastrointestinal tract (0), this in itself 
could not account for a decreased urinary elimination; rather one would expect 
the reverse. 

We believe that the reason relatively greater resorption from the urinary 
tract occurs with nicotine in the case of smokers than mth quinine in the present 
experiments is due largely to two factors. First, there is a difference between 
the values of nicotine and quinine which may be favorable to greater resorp- 
tion of nicotine. Secondly, in the case of the quinine administration, the dnig 
was given in one single large dose, whereas, with nicotine, its intake, and hence 

TABLE 1 


Percentage of ingested quinine in ether extracts of urine 



ALKAUKS VSINE 

ACID URINE 

simjEct 

First 24-hour sample 

Second 24'hour sample 

First 24-hour sample 

Second 24-hour sample 

pH 

E 

a 

Amount 

excreted 

pH 


•a 

c 

fs 

1“ 

Total 

amount 

excreted 

pH 

u 

E 

S 

Amount 

excreted 

pH 

Volume 

Amount 

excreted 

■ 



cc. 

per 

cent 


cc. 

Per 

cent 

per 

cent 


cc. 

per 

cent 


cc. 

per 

cent 

per 

cent 

1 

BBS 


9.4 

7.22 


1.5 

10.9 


mm 

tHBl 

5.38 

1,200 

1.9 


2 

7.47 

1,635 

6.5 

7.61 

1,300 

1.6 

8.1 

5.48 

1,916 

18.9 

5.19 

1,660 

2,6 


3 

7.72 

2,350 

9.2 

7.65 


i.l 

10.3 

5.17 

3,115 

13.7 

5.21 

1,540 

1.4 

15.1 

4 

7,47 

1,315 

4.5 

7.21 

1,735 

0.7 

5.2 

5.19 

1,665 

13.2 

4.99 

1,515 

1.5 

14,7 

5 

7.69 

1,835 

5.9 

7.37 

1,415 

0.9 

6.8 

5.09 

3,935 

nnii 

5.19 

2,120 

3.4 

13.5 

6 



7.4 

7.62 


1.0 

8.4 



19.5 

5.14 

1,275 

3.0 

22.5 

7 


1,675 

9.3 



1.7 

i 11.0 


Uliitiil 

15.3 

15.13 

1,830 

1.9 

17,2 

8 

7.38 

2,065 

8.7 


ilB81 

1.9 

10.6 

5.02 

1,890 

13.6 

4.94 

1,073 

i.l 

14.7 

9 

7.57 

1,250 

6.2 


1,165 

2.7 

8.9 

5.14 

925 

17.7 

4.97 

755 

3.4 

21,1 

Averages 

m 

1,754 

7.45 

7.S2 


1.45 

8.9 

m 

2,117 

15.1 

n 

1,441 

2.25 

17.4 

10* 





790 

2.7 

12,5 

5,21 

1,500 

12.0 



m 

14.1 


* See text. 


its elimination, in the case of smokers, was gradual during a period of many hours. 

On averaging the 48 hour values obtained on unextracted urine the fluorescent 
equivalent of 25.7% of the administered quinine was found in the urine when 
it was maintained alkaline, and 29.2% when it was maintained acid. Compari- 
son of these figures ivith those gotten on extracted urine indicates that after 
quinine administration there occurs in the urine a fluorescent quinine metabolic 
product (or products) that is not extractable wth ether. In view of this it 
may be well to reserve judgment as to the exact identity of the fluorescent mate- 
rial in the ether soluble fraction of such urine. At present, the possibility that 
the latter fraction may include ether soluble fluorescent metabolic products of 
quinine in addition to unchanged quinine has not been eliminated. However, 
due to the lack of suitable methods of proven specificity for the determination of 
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quinine in biological materials ^\e have tentatively assumed that the ether soluble 
fraction represents unchanged quinine 

While the subjects of these tests uere requested to keep their unnary volume 
reasonably constant during the expenmental penods, they did not always do 
this too well However, comparison of the total urinary volumes (48 hr ) of 
the nine subjects while the urmo vma maintained alkaline and while it was mam 
tamed acid, showed no statistically significant differences Further evidence 
that variations m urinary volume of the magnitude encountered was not an 
important deciding factor in these excretion studies may be adduced from the 
results obtained m 2 subjects in whom the unnary volume was deliberately 
varied (table 2) 


TABLE 2 


Rclatwmhtp bctiLeen xirtnary volume and quinine excretion following the oral administration 
of 500 mg quinine 


817V JECT 

LOW tntlKE VOLOUE | 

pH 

Urine 

Qumine elunl 
Dated first 

21 hours 



cc 

mt 

1 

6 80 

2 100 

70 

11 

5 15 

1 030 

65 


HICB UVNZ votmtz 


pH 


Urine 


5 45 4 290 

5 50 3 870 


Quinine el m 
nateil fi st 
24 hours 


rif 


58 9 
CO 7 


SUMMARY 

When quinine was gi\en m a dose of 500 mg orally to human subjects it was 
found that the extent of unnary elimination was related to the pH of the urme 
When the urme was mam tamed alkalme one half as* much quimne, on an aver 
age, was eliminated as when the urine was acid (8 9 vs 17 4%) This difference 
IS assumed to be due to greater resorption of qumme from the unnary tract 
when the urme is alkaline than when the urme is acid 

Although the amount of quimne ‘ saved” to the patient is small on alkalmiza 
tion of the unne, this saving plus the advantages of an alkalme regime suggested 
by climcal investigators on the basis of other types of observations, seem to 
recommend further consideration of the use of alkalies m the quinine therapy of 
malaria 

These experiments again indicate the importance of considenng the possible 
influence of unnary pH m quantitative studies on the urinaiy excretion of certain 
chemicals 
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Toxic reactions to the arsphenamines have been reported since shortly after the 
introduction of arsphenamine by Ehrlich (7) in 1909, These toxic reactions may 
be (1) acute reactions occurring shortly after the administration of the drug, (2) 
delayed reactions occurring one to seven days after administration or (3) reactions 
resulting from the accumulation of the drug in the body. 

The causes of toxic reactions of the first two types have been investigated by a 
number of workers. At first it was thought that these untoward reactions were 
due in part to the presence of 3-amino-4-hydroxy phenyl arsenious oxide (arsen- 
oxide) (7, 8, 9), but subsequently the conviction has grown that the toxic reactions 
were closely related to the physical characteristics of both arsphenamine and 
neoarsphenamine (15, 17, 29, 32, 33). Thus it was shown that there was a close 
parallelism between the viscosity and toxicity of different samples of these drugs 
and that the method of manufacture influenced the degree of viscosity (19, 34, 
39). The history of this period has been reviewed in detail by Wright et al. (45). 

The separation of arsphenamine and neoarsphenamine into a crystalloid.and 
colloid fraction was attempted by Raiziss and Gavron (28) using parchment 
membranes which are relatively impermeable, and was later expanded by Wright 
et al. (45), who used viscose membranes which are more permeable. The latter 
investigators studied the therapeutic and toxic properties of the two fractions 
after separation by dialysis and found that the crystalloid fraction (1) was more 
curative for trypanosomiasis in rats (2) was less toxic and (3) produced death 
only after the administration of large doses and followed the typical symptoms of 
arsenical poisoning, while the colloid fraction produced immediate toxic reactions 
resulting in death from respiratory failure with comparatively small doses. 

These reactions produced by the colloidal fraction were of essentially the same 
t 3 "pe as the nitritoid reactions occurring in human beings, and it appeared prob- 
able that nitritoid reactions in human beings were due to the colloidal properties 
possessed by the arsphenamines. It is particularly significant that mapharsen, 
which is crystalloid in nature, has not produced a single proven nitritoid reaction 
in more than twelve million injections (23). Wright et al. (45) concluded that 

1 A summary of the findings herein reported was read before the Minnesota Branch of 
the Society for Experimental Biology and ISfedicine (Proc. Soc. Biol, and Med., 49; 229, 
1942). 

* Presented as a thesis in partial fulfillment of the requirements for the degree of Doc- 
tor of Philosophy at the University of Minnesota. 
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the desirable properties of a high curative index and a low toxic index appeared to 
reside in the least aggregated portion of the arsphenamines, and that the strongly 
aggregated colloidal portion appeared to possess only the undesirable properties 
of low curative index and a high toxic index, producing immediate toxic reactions 
after injection in small dosage. Morell and Allmark (25) in an investigation of 
the variations in toxicity and trypanocidal activity of commercial specimens of 
neoarsphenamine were of the opinion that brands ^^^th a low toxicity showed a 
high trypanocidal activity and also that those which were most toxic were usually 
but not invariably the least active. This would appear to substantiate the 
findings of Wright et al. (45). 

In view of the marked difference in both therapeutic and toxic properties of the 
crystalloid and colloid fractions of the arsphenamines, it appeared desirable to 
investigate possible differences in the tissue affinity and storage of these separated 
fractions, since this might have an important bearing upon the question of 
cumulative poisoning. 

It is more or less established that following the injection of either arsphcnaminc 
or neoarsphenamine considerable quantities of arsenic remain in the body for 
periods of longer than fourteen days (3, 14, 20, 21). Since the therapeutic ac- 
tivity of the arsphenamines appears to be dependent upon conversion in the body 
to arsenoxide (6, 31) and since Wright et al, (43, 46) have found that following 
the direct injection of arsenoxide (mapharsen), there appears to be appreciably 
less cumulation of arsenic in the tissues, it might be deduced that that portion of 
arsphenamine or neoarsphenamine which is converted into arsenoxide in the body 
W'ould be likely to be more rapidly excreted. This would suggest the further 
possibility that that portion of arsphenamine and neoarsphenamine which is 
rapidly converted into arsenoxide following the injection of these drugs might be 
the crystalloid fraction, while that portion of the arsenical which becomes rela- 
tively firmly fixed by the tissues might be the colloidal portion. Hence it w'as 
decided to investigate the manner in which the separated crj'stalloid and colloid 
fractions of arsphenamine and neoarsphenamine distributed themselves to the 
various' tissues of the body in comparison with that of the whole drug, and to 
investigate the length of time which the arsenicals, both as whole drug and as 
separate fractions remained in those tissues. 

The present knowledge of the distribution of organic arsenicals in the body is for 
the most part incomplete, since most investigators have accounted for only a 
small part of the injected arsenic. Wilcox and Webster (42), in 1916 found that 
arsenic was present for tw’o to three -weeks after the injection of arsphenamine. 
Hopper, Kolle and K. D. Wright (16), in 1921, showed by histological examina- 
tion that arsphenamine has an affinity for the liver. Voegtlin and Thompson 
(41), in 1922, found that both arsphenamine and neoarsphenamine left the blood 
stream rapidly and were fixed by the tissues, especially by the liver and spleen, in 
a more or less firm combination. Clausen and Jeans (3), also in 1922, found after 
the intravenous administration of arsphenamine in children that the concentra- 
tion of the drug in the blood stream dropped rapidly until it contained only 
10.5% of the injected drug at the end of one hour, and only 1.2% after twenty- 
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four hours. They also studied the distribution of ai-sphenamine in kittens 
follo^>^ng intravenous administration and found that the liver, small and large 
intestine, spleen and kidneys took up most of the arsenic. The sum of their 
recoveries of arsenic at the end of twenty-four hours amounted to 12.5% of the 
injected dose, 

Kolls and Youmans (20), in 1923, found that about three-fourths of the ad- 
ministered arsphenamine had left the blood stream a few minutes after com- 
pletion of the injection and that the drug was stored in the iiver, spleen, kidney's, 
lungs and in cardiac and skeletal muscles. Bulmer (2), in 1923, found a high 
concentration in the liver shortly after injection, but that later this concentration 
became much smaller. He found* a relatively large amount in the lungs, which 
was maintained over a period of at least several days. He also concluded that 
arsenic was retained by the long bones over a longer period than was sho^^^l by 
analyses of any other tissues. Voegtiin, Smith, Dyer and Thompson (40) found 
that arsphenamine and neoarsphenamine penetrated the spinal fluid with 
considerable difficulty. 

Ford^'^ce, Rosen and Myers (10), in 1922, showed that arsenic could be found 
normally in a large number of persons and was dependent upon the character of 
their food, drink, environment and medication. In a study upon the arsenic 
content of the blood of human beings at various inter\mls after the intravenous 
injection of arsphenamine, they (11) found that immediately after the injection, 
60% of the arsphenamine was localized outside of the blood stream and that the 
blood concentration became graduallj^ lower, but showed a marked increase after 
one day and then again decreased in arsenic content. In another investigation in 
regard to the amount of neoarsphenamine in the blood of human beings, they 
(12, 13) found that 62.1% of the neoarsphenamine was localized outside of the 
blood stream immediately after the injection, and that the blood arsenic was 
gradually lowered up to one hour after which it remained almost stationary. In 
another paper in 1924 Fordyce, Rosen and Myers (14) reported the results of an 
extensive study on the localization of arsphenamine, neoarsphenamine, silver- 
arsphenamine and tryparsamide in the viscera of rats after intravenous ad- 
ministration, Their results showed that the amounts of arsenic found in the 
kidneys, spleen and brain constituted only a relatively small portion of the 
injected arsenic and that the largest amount of the recovered arsenic at the end of 
thirty minutes was in the liver and blood. They stated that their results pointed 
to other sources for storing arsenic, as was indicated by the fact that additional 
arsenic came back into the blood stream, but they did not carry the investiga- 
tion further. 

Underhill and Dimick (37), in 1928, studied the distribution of neoarsphena- 
mine in the dog. They found that the quantity of arsenic in the liver bore no 
relationship to the dosage of the arsenical administered and that the kidneys, 
spleen, thyroid and adrenals showed a high affinity for arsenic. They found, as 
has Barbat (1), Voegtiin, Smith, Dyer and Thompson (40) and Fordyce, Rosen 
and Myers (14) that the amount of arsenic in the brain was very small and that 
neoarsphenamine penetrated the nervous system with great difficulty, Kraft, 
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Hams, Robinson and Gilliand (21) studied the distribution of neoarsphenamme 
jn the rabbit The\ concluded that the organ predominant Ij concerned m the 
immediate remo\al of arsenic from the blood stream uas the liver, vith the 
kidnej's and intestines ne\t m order of efficienc} An analj sis of the liver, spleen, 
brain, kidnejs, testes and intestine shoued a total recoverv of 13 2% at the end 
of one hour, 11 3% at the end of tuehe houra, G 5% at the end of 24 hours, 3 3% 
at the end of five daj s, w hile 1 5% of the injected arsenic v as reco\ ered at the end 
of nine da>s 

Thus the e\ idence regarding the di'^tnbution of the arsplienamines in the body 
18 fragmentarj being mainly confined to analyses of those organs which can be 
removed m toto from the animal body Hence, while a certain percentage of the 
injected arsenical can be accounted for m this way, the work of practically all 
prcMous mvcstigatoi-s in this field has accounted for less than one half of the 
injected drug and m many instances has accounted for not more than 10-20% 
even at comparatu ely shoit time mten als after administration of the drug It 
appeared, therefore, to be worth while to attempt to account for as much of the 
injected drug as possible at all time mten als m the case of the w hole drug samples, 
as well as in the case of the separated ciystalloid and colloid fractions of ars- 
phenamine and neoaisphenamme 

MmioDS ANP MATERIALS All experiments nere earned out on samples of arsphena 
mine and neoararsphcnaminc consisting of a single lot number of each drug For the 
determination of the arsenic content of these drugs the volumetric rrjctliod of Lehmann 
(22) as gi\cn bj the United States Pharmacopoeia (3S) and the gravimentric method of 
Treadwell Hall (30) as modified by Myers ond DuMez (27), were used The results which 
were obtained bj these methods arc reported elsewhere (30) It was concluded from these 
analj'ses that the gravimetric method was the more accurate and conscquentl> it was the 
method used for the determination of the arsenic content of the crystalloid and colloid 
fractions of the two drugs after their separation by dialysis 

Tissue specimens were digested by the standard procedures for the A O A C Gutzeit 
method of analysis for arsenic (24) The Gutzeit analyses in the early part of the ex 
perimental period were made using the procedure given by Klein (18), who used ferrous 
ammonium sulfate to bring about the reduction of arsenate to arsemte and to promote a 
faster evolution of hydrogen This method required that the solutions to be analyzed be 
heated to 00"C to complete the reduction of the arsenic and subsequently cooled before 
the test could be made The greater part of the Gutzeit analyses was done using the pro 
cedure gt\en in tl e fourth edition of Methods of Analysis ’ by the Association of Official 
Agricultural Chemists (24) Potassium iodide is used as the reducing agent m this method 
and offers the advantage that it is not necessary to heat the solution to effect the reduction 
of arsenate to arsemte A standard graph of the relationship between the number of mi 
crograms of arsenic trioxide and the length of stain was prepared through the use of a 
standard solution From this graph the amount of arsenic in micrograms found in all 
tissue analyses was ascertained In those cases where the stain showed an amount of ar 
scnic m excess of ten micrograms the determination was repeated using a smaller aliquot 
Replicate analyses on known specimens have demonstrated that this method gixes results 
laving an accuracy within ±5% for samples not in excess of 500 micrograms of arstmc 
tnoxide (43) 

The separation of the arsenical into a crystalloid and colloid fraction was effected by 
means of dialysis undci nitrogen using viscose membranes as developed by Wright 
et al (45) Rosenthal s test (31) for arsenoxidc was u'led to check for possible oxidatibn 
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of the arsphcnamine or neoarsphenamine to this substance in the course of the dialysis. 
All dialysates used for experimental work were negative for nrsenoxide by Rosenthars 
test. 

All the rats employed in the experimental work were either bred in a rat colony main- 
tained jointly by the Department of Pharmacology and the Graduate Medical Research 
Fund, University of Minnesota, or in a colony maintained by the Department of Physiol- 
ogy and Pharmacology, University of Alberta, Canada, from rats obtained from the Minne- 
sota colony. These rats were of the ^Yista^ strain and were fed a diet which was fully 
adequate. A total of 308 rats was used involving some 3400 separate tissue analyses in the 
experiments reported in this investigation. 

The solution of neoarsphenamine was prepared by dissolving the drug in water which 
had been recently boiled and cooled under nitrogen and making the solution up to volume 
in a glass stoppered volumetric flask. When prepared, it was divided into smaller quanti- 
ties in 6 or 10 cc. pycnometers, which were completely filled and stoppered. This served 
to preserve portions of the solution until needed, as the series of injections progressed. 
Solutions of sodium arsphenamine were made by dissolving the arsphenamine hydrochlo- 
ride in water previously boiled and cooled under nitrogen, in a 125 cc. Erlenmej’er flask 
attached to the nitrogen purification chain. The required amount of sodium hydroxide 
was then added to the flask containing the arsphenamine while still under nitrogen. The 
solution was maintained under nitrogen and injection samples were taken as needed during 
the period of injections. Alkalinized arsphenamine solutions are so sensitive to oxidation 
that formation of detectable amounts of nrsenoxide can be prevented only by rigid adher- 
ence to this procedure. The separated crystalloid and colloid fractions were similarly 
maintained under nitrogen and quantities for injection were taken as needed. 

The animals were anesthetized lightly with ether and the injections of the arsenical 
were made intravenously into the saphenous vein. The volume of solution injected seldom 
exceeded 1 cc. 

Blood and tissue samples were taken for analysis at the end of 2, 6, 12, 24, 168 and 336 
hours after injection. Blood was collected into 1 cc. of sodium oxalate solution and a 4 
cc. sample was used for analysis. The liver, spleen, kidneys, brain, stomach, small intes- 
tine and large intestine were removed and the entire specimen used for analysis. The 
portions of the gastro-intestinal tract were thoroughly w’ashed until absolutely free of 
contents. For skin and muscle 5 Gm. samples were removed for analysis. For bone the 
femur and tibia were employed and were taken from the extremity opposite to that in which 
the injection was made. In the case of blood, skin, muscle and bone, where samples only 
were employed, the total amount of arsenic in the entire tissue was calculated from the 
tables of Jackson given in Donaldson’s Tables (4) of standards for the rat. The validity 
of this procedure for determining the total amount of arsenical in sampled tissues was 
checked by a series of analyses on entire animals and mil be reported in the experimental 
section. 

Experimental. (1) Toxicity of samples of arspheiiamine and neoarsphen- 
amine, In order to demonstrate that the samples of neoarsphenamine and ars- 
phenamine emplo 3 ’’ed in this study possessed physico-chemical and toxicity 
characteristics essentially similar to those reported bj’’ Wright et al. (45) the drugs 
were subjected to dia^^sis and the toxicities of the whole drug and separated 
crystalloid and colloid fractions were determined. 

In the determination of the toxicity of the respective drugs, those animals which 
lived for seven days were classed as surviving for an indefinite period. Tlie L. D. 
60 was calculated by the method of Dragstedt and Lang (5), as used previously 

by Wright et al. (35, 44). . , ^ • w 

The results sho\\Ti in table 1 are in agreement \vith those obtained by \\ ngnt 
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efc al. (45) who also found greater differences between the separated crj'stalloid 
and colloid fractions of neoarsphenamine than for those of arsphenamine. As a 
result of the data obtained it was concluded that the samples of neoarsphenamine 
and arsphenamine obtained for use in this investigation possessed the desired 
physico-chemical properties and w'ere, therefore, suitable for injection to de* 
termine the distribution of the respective whole drugs and separated crystalloid 
and colloid fractions in the blood and tissues of the rat. 

(2) Determination of the arsenic content of the tissues of normal rats. Since the 
tissues of rats normally contain arsenic derived from their diet, it was necessary 

TABLE 1 


Determination of L.D. 50 of the samples of neoarsphenamine and arsphenamine employed 


SAUP1X 

NXOAISrHZNAUUTE L.D. 50 

AispanvAinHZ IM. 50 



vttm./ktn. 

Whole drug 

370.9 

140.0 

Crystalloid fraction 

425.0 

154.0 

Colloid fraction ' 

22.7 

103.8 


Total number of rats used 102. 


table 2 


Ttssur 

VZAK VALUE 

Blood . , 

16.5900 ±0.890 per cc. 

Skin .... . 

0.41S7 ±0.003 per gm. 

Muscle 

0 4537 ±0.047 per gm. 



Liver 

1.109G ±0.049 per gm. 

Kidney 

1.5797 ±0.080 per gm. 

Spleen - . 

6.4050 ±0 370 per gm. 

Brain. ... . 

0.4224 ±0 069 per gm. 

Stomach* 

1.5300 per gm. 

Intestine* . , 

0.3630 per gm. 

Colon* . 

1.2800 per gm. 


* In the case of the stomach, intestine and colon the normal values are based on two 
determinations only, but agree substantially with the values obtained by Wright (42) 
on a scries of 30 control animals. 


to determine the amount of arsenic present in each of the various tissues in which 
the distribution of the arsenical drugs was to be investigated. This was done on 
a series of 12 rats taken in pairs at selected intervals during the course of this 
investigation. The results, expressed as micrograms of arsenic trioxide are 
shown in table 2. The mean values for normal arsenic shotvn in table 2 were 
applied in the case of each injected rat and all values given are those obtained 
after deduction of normal arsenic. 

(3) Determination of the distribution and retention of arsenic in the blood and 
tissues al various time intervals after the intraveJious injection of arsphenamine and 
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neoarsphenamine in the form of the whole drug and separated crystalloid and colloid 
fractions. Ail arsenical preparations were injected at the uniform dosage level of 
15 mgm./kgm. This dosage was selected as representing the maximum dose of the 
most toxic preparation (namely, the colloidal fraction of neoarsphenamine) that 
could be administered safely (see table 1). Pive animals were injected with each 
preparation for each time interval. Analyses of the gastro-intestinal tract were 
not included at the beginning of the investigation and w’ere made on only two 
animals. All figures throughout the discussion represent the mean percentage of 
the administered dose found in that particular tissue at a given time interv^al. 

(a) Distribiiiion of arspJienamine. (i) Blood. The mean values for the 
arsenic content of the blood from groups of five rats killed at various time in- 
tervals after the injection of (1) the ciy'stalloid fraction, (2) the colloid fraction, 
and (3) the whole drug arsphenamine are shown in figure 1, It ma 3 ^ be obser\'^ed 
that the amount of the colloid fraction of arsphenamine present in the blood 
stream was appreciably greater than was the case with the cr 3 ’'Stalloid fraction at 
all time intervals studied. At both one-half and two hours after the injection of 
the colloid fraction more than 31% of the injected drug was still circulating in the 
blood stream, while in the case of the crystalloid fraction 19.25% was present 

in the blood stream even 30 minutes after injection, and this had fallen to 8,75% 
by the end of two hours. The much greater rapidity of penetration of the 
crystalloid fraction of arsphenamine into the tissues as compared vdth the 
colloid fraction is veiy apparent. 

In the case of the colloid fraction, it may further be noted that there was a 
secondary rise in the arsenic content of the blood occurring after 24 hours and 
increasing in intensity even to the end of 14 days, when an average of 24.98% of 
the injected dose was still circulating in the blood stream. No such secondary 
rise of any extent was evident in the case of the crystalloid fraction, less than 
8% of the injected arsenic being present at all time periods later than 6 hours. 

The concentration of the drug found in the blood at one time is necessarily" 
a reflection of the resultant of two antagonistic influences, namely (1) the affinity" 
of the tissues for the drug, and (2) the rate of excretion of the drug. 

The prolonged secondary rise in the blood arsenic level in the case of the col- 
loidal fraction appears to be due to the great length of time that this sub- 
stance is retained in the tissues, as may be seen by reference to figures 1 and 3B. 
Following the injection of the crystalloid fraction, tissue retention of the drug 
is negligible after 12 hours. 

Following the injection of the whole drug, it may be obsen"ed that at the one- 
half and two hour time inten^als, the blood concentrations fell between tlic values 
obtained for the cry^stalloid and colloid fractions respectively, as might be ex- 
pected from the fact that the whole drug is a mixture of both fractions. The oc- 
currence of a secondaiy rise at twelve hours is also to be noted. For the remain- 
ing time intervals the blood concentrations appear as negativ"e values. This, of 
course, is not because the blood did not contain any arsenic at all, but because the 
blood at these time inten^als contained less than the mean norma) amount of 
arsenic previously determined as being present in the blood of uninjected control 
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animals This appears to be due to a shift m the distribution of the normal 
ar'^enic, for the tissue retention graph (fig 3B) shows that there is still an excess of 
ar«:emc ov er the normal arsenic present m the tissues at all time intervals That 
this finding is not due to expenmental error is indicated bj the facts that (1) the 
total recovery of arsenic (including the blood) for anj time inter\al was never 
less than the total normal ap?emc, and (2) a displacement m the distribution of 
normal arcemc has also been observed in the investigation of the retention of 
mapharsen in the tissues of the rat (43) 

(ii) Skin With regard to the skin it maj be noted (fig 1) that the penetration 
of the colloid fraction into this tissue was greater than that of either the crystal 
loid fraction or the whole drug The mitial high level of 3 CG% at the end of 

2 hour was maintained to the end of 2 hours, after which there was a gradual fall 
to 2 58% at the end of 12 hours, while a marked resurgence of arsenic into the 
<?km took place at the 24 hour time mterval, when 4 05% was found to be present 
The skin appears to hav e a decided afRmt> for the colloid portion of arsphenamine 
since 1 50% was still present at the end of 14 da>s Following the injection of 
the crystalloid fraction there was a rapid penetration of the drug into the skin, 

3 42% bemg found m this ti<?sue ^ hour after injection which is almost os high a 
percentage of penetration as was found initially for the colloid fraction The 
amount of the crystalloid fraction present in the skin begms to fall rapidly after 
the I hour time interv al and with the exception of a slight rise at the end of 24 
hours, this fall continues until at the end of 14 da\s the amount of arsenic in the 
skin had fallen to less than the amount previously determined as being normally 
present The whole drug occupies a position midway between that of the 
crystalloid and colloid fraction as the retention was greater than that of the 
cry ‘^talloid fraction but less than that of the colloid fraction, and at the end of 14 
days the skin still contained more than the normal amount of arsenic 

(m) Muscle The rapid initial penetration of the cr\ stalloid fraction into this 
tissue IS particularly noticeable 7 89% of the injected drug being found in the 
muscle I hour after injection The arsenic does not remain m the muscle tissue 
for any appreciable length of time however, having fallen to 5 30% at the end of 
2 hours, to 1 54% after C hours, and to 0 10% after 12 hours At all subsequent 
time mtenals the mean ar'?enic recoveries were all le's than the amount of 
arsenic normally present in the muscle tissue of the control rats indicating that m 
Iea\ mg the muscle tissue the mjected arsenic had mobilized and earned along with 
it a portion of the inorganic arsenic deriv ed from the diet and noimally present in 
the muscle tissue of the rat It may perhaps be emphasized that although the 
mean recoveries at the 24, 168 and 336 hour time intervals are all shown as 
negative values (fig 1) and indeed were less than the normal arsenic values m 
11 of the 15 analyses mvohed the amount of arsemc actually recovered was 
without exception greater than the amount present in the reagents For ex 
ample, in the five animals mv estigated 330 hours after injection the mean arsemc 
recovery from the muscle tissue was equivalent to 18 76 micrograms of arsemc 
tnoxide, of which 046 micrograms was derived from the reagents leaving a net 
recov ery of 1 8 30 micrograms The mean normal arsenic content of the muscle 
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% Cryjfalleid Frochen Colloid Fraction Whole Drug 



Fig 1. Comparative retention ol the crystalloid fraction, colloid fraction and whole drug 
of arsphenamine following the intravenous injection of 15 mg /kg in the rat 

tissue of uninjected control rats of equivalent m eight from the same colony tv as 
equivalent to 33.93 micrograms of arsenic trioxide, indicating that approximately 
54% of the normal dietary arsenic had been ‘Svashed out” of the muscle tissue 
along with the injected arsenic. 

The greater affinity of the colloid fraction for the muscle tissue is veiy evident 
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from its retention in a higher concentration than that of the ciystalloid fraction at 
all time intervals longer than one-half hour, A moderate secondaiy rise occurred 
after 24 hours. In the case of the ^s'hole drug the affinity for the muscle was even 
greater than that of the colloid fraction at the short time intervals (up to 6 hours) 
but no prolonged retention was found, the beha\dour closely paralleling that of 
the crystalloid fraction. 

(iv) Bone, The crystalloid fraction of arsphenaraine displayed little affinity 
for bone, approximately 2% of the administered drug being present after J 
and 2 hours, 0.5% after 6 hours, while a negative arsenic balance was found at all 
later time intervals. The colloid fraction on the other hand was readily taken up 
by bone, being present in 170, 175, and 630% of the corresponding concentrations 
of the crystalloid fraction after 2 and 6 hours. A secondary rise occurred after 
24 hours and an amount of arsenic equivalent to 2.5% of the administered drug 
was still present after 14 days. The behaviour of the whole drug closed re- 
sembled that of the crj^stalloid fraction. 

(v) lAver, The crystalloid fraction showed a high initial ability to be taken up 
by liver tissue, but it is also comparatively rapidly eliminated from this organ. 
At the \ hour time inter\^al 36.05% of the injected arsenic was present in the 
liver, but this had fallen to 10.35% after 2 hours and to 2.38% after 12 hours, the 
decline continuing to 1.95% after 24 hours, 0,44% after 7 days and 0.13% after 
14 days. 

The contrast in behaviour of the colloid fraction is particularly striking (see ' 
fig. 1). The initial affinity of the liver for the colloid fraction is not quite as 
great (approximately 90%) as for the co'stalloid fraction, presumably chiefly 
because of the much greater concentration of the colloid fraction in the blood at 
this time. The amount of arsenic found at all subsequent time intervals was 
much greater, however, being 200% of the concentration of crj^stalloid after 2 
hours, 330% after 6 hours, 535% after 12 hours, 700% after 24 hours, 825% after 
7 days, and 1415% after 14 days. 

The behaviour of the whole drug with respect to the liver not only closel^’^ 
parallels that of the colloid fraction, but the presence of the mixture of both 
colloid and ciy^stalloid material, such as occurs in the whole drug, appears to 
result in a very definite exaggeration of the retention of arsenic by the liver. 
In view of the rapid elimination of the crystalloid fraction from the liver these 
findings appear to constitute an additional confirmation of our previous demon- 
stration (45) of the desirability of employing in clinical practice samples of tlic 
arsphcnamines consisting chiefly (if not entirely) of cr 5 '’StaIIoid matenal. 

(vi) Kidneys, The kidneys, while shoving the presence of considerable 
arsenic, account for only a small per cent of the retained arsenic, as would be 
expected because of their small size in their relation to the tissues of the animal as 
a whole. The colloid fraction is retained to the greatest extent, 3.77 % at the end 
of h hour and remains consistently higher than either the whole drug or crj'stal- 
loid fraction throughout all the time interv^als considered (fig. 1). FoIIoning the 
high initial retention of the colloid fraction, the percentage falls progressively to 
1.91, 1.09 and 0.83% at 2, 6 and 12 hours respectively, with a subsequent rise to 
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1 13 at the 24 hour interval, folloTving ^\hlch the level of retention drops to 
0 63% at the end of 7 days, and to 0 58% after 14 da> s The ciy stalloid fraction 
agams shous a rapid penetration (2 67% at the end of i hour), and then a rapid 
low ermg of the retained arsenic to 0 23% at the end of 12 hours, as compared with 
0 82% for the -whole dnig and 0 83% for the colloid fraction Traces of the 
crystalloid fraction are still present at the end of 14 days Retention by the 
kidney s of the whole dnig occupies a position intermediate to that of theory stal 
loid and colloid fractions 

(\ ii) Spleen There is again a stnking difference hetw een the extent to which 
the crystalloid and colloid fractions of arsphenamino are retained by the spleen 
The crystalloid fraction reaches its maximum concentration (1 16%) wnthin the 
first § hour, falling progre'^si'v ely to 0 18% after 12 hours, with little change there- 
after to 7 day s After 14 da\ s three of the fi\ e determinations w ere negative, as 
was also the mean for the group 

The colloid fraction, on the other hand, not only showed a higher initial 
affinity for the spleen but the substance remained in the spleen m high concen 
tration throughout the 14 day period Expressed as a percentage of the corre 
spending cry*stalloid fraction concentrations, the colloid fraction was pre'^ent m a 
concentration of 120% at ^ hour, 210% at 2 hours, 400% at 6 hours, 580% at 12 
hours, 880% at 24 hours, and 1000% after 7 day s Since the cry stalloid fraction 
value was negati\e after 14 days no compari«:on with the corresponding colloid 
fraction can be made, but it is of interest to note that the concentration of the 
colloid fraction m the spleen at the end of 14 days exceeded the concentration of 
the crystalloid fraction at all time intervals except 2 hour after injection 

The retention of the whole drug by the spleen was intermediate, with a pro 
nounced tendency to follow the pattern of the colloid fraction 

(viu) Brain The general lack of affimty of the brain tissue for arsphenamine 
in any form is quite cvndent The quantities of arsenic recov ered from the brain 
after injection of the crystalloid fraction at no time exceeded an average of more 
than 0 5 micrograms of arsenic tnoxide and may be considered withm the limits 
of error of the method Detectable amounts of araenic w ere found at some time 
intervals after the injection of the colloid fraction or whole drug, but at no time 
exceeded 0 12% of the administered drug 

(ix) Gastro intestinal tract Tlie gastro intestinal tract was removed and the 
stomach, small and large intestines, were thoroughly washed with distilled water 
until entirely freed of contents The amounts of aiscnic reported here were all 
recov ered from the ti‘»sue of the gastro intestinal tract itself The contents of the 
gastro intestinal tiact w ere set aside for subsequent analy sis and w ill be included 
m a future report 

Arsenic was recovered from the stomach ti'Jsue at all time intervals following 
injection of the crystalloid fraction It is not apparent whether the presence of 
arsenic m the stomach tissue is due to regurgitation of contents from the intestine 
or to actual excretion into the stomach, and a thorough examination of the role of 
the gastro intestinal tract in the ab'^orption and excretion of the arsphenamines 
and mapharsen is now in progress The gieatest amount of arsenic recovered 



152 


F. B. ROD^U^^ AND HAROLD N. WRIGHT 


from the stomach tissue, representing 1.32% of the injected drug, was found I 
hour after injection; quantities in the approximate neighborhood of 0.5% were 
found at subsequent time intervals up to 24 hours, with onl}'' traces present after 
7 to 14 days. 

The amount of arsenic recovered from the tissue of the small intestine was 
remarkably high, accounting for 33.73% of the administered crystalloid fraction 
at the end of I hour. This fell rather rapidly, however, to 15.29% after 2 hours, 
to 5.03% after 0 hours, and to 2.01 and 2M3% after 12 and 24 hours, with traces 
found after 7 and 14 days. Only small amounts (1.36%) were recovered from the 
tissue of the colon J hour after injection, but 12.40 and 13,69% were recovered 
after 2 and 6 hours. Again it is not clear whether the presence of these large 
amounts of arsenic in the tissue results chiefly from direct excretion through the 
gastro-intestinal and colonic mucosa or from excretion of arsenic into the lumen 
of the gastro-intestinal tract through the bile with extensive reabsorption through 
the intestinal and colonic mucosa, or whether both processes take place simul- 
taneously in the intact animal. This question is now under active investigation. 

Ko marked difference in behaviour was found following the injection of either 
the colloid fraction or the whole drug, except that appreciably' smaller amounts 
were found in the tissue of the colon at the 6 and 12 hour time intervals. 

(b) DistribiUion of neoarsphenamine. As was the case Avith arsphenamine the 
results presented for neoarsphenamine represent the mean of five determinations 
for each time interval and each tissue except the gastro-intestinal tract for which 
only two determinations were made. 

(i) Blood. By reference to figure 2 it may be noted that the amount of the 
colloid fraction of neoarsphenamine present in the blood, as Avith arsphenamine, 
^Yas at all times considerably greater than was the case vdth the crystalloid frac- 
tion. While the concentration of the cry^stalloid and colloid fraction in the blood 
both reach a minimum at the 12 hour time interval, the amount of the colloid 
fraction present is never less than normal, and at the end of 14 days, 20.18% of the 
injected colloid fraction ^vas still circulating in the blood stream, as compared 
with only 5.83% for the crystalloid fraction. Here again, as with the colloid 
fraction of arsphenamine, the prolonged secondary rise in the blood arsenic level 
in the case of the colloid fraction of neoarsphenamine appears to be due partly to 
the great length of time that this substance is retained in the tissues and partly^ to 
the direct affinity’* of the blood for the arsenical, as may be seen by' reference to 
figure 3. 

, Following the injection of the whole drug the blood concentration fell rapidly 
from the peak of 22.89% at 4 hour, became negative at the Gth hour and remained 
negative at all subsequent time inter\'als. The significance of these negative 
values has been discussed previously. 

(ii) Skin, The cry’stalloid fraction showed an initial penetration into the skin 
to the extent of 6.61 %, which was greater tiian that obtained for either the \vhoIe 
dnig or colloid fraction. The level of retention of the crystalloid fraction by the 
skin fell, however, to 2.92% at the end of 24 hours, and at the end of 14 days the 
amount remaining in the skin wa.s only' 0.17%, as compared with i.52% for the 
whole dnig and 2.89% for the colloid fraction. This v as apparently due to the 
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more rapid ebmmation of the crystalloid fraction The immediate afl5nity of the 
skm for the colloid fraction was not as great as for the crystalloid fraction, how- 
ex cr, when, once attached, it was held more firmly so that the amount retained at 
the longer time mtervals was considerably greater 
Following the injection of the whole drug the penetration of the drug into the 
skin was not ns rapid as with the crystalloid fraction, but ultimately became much 
greater, reachmg a peak of 11 14% after 6 hours, and thereafter was retained m 
the tissue to a greater extent than either the cry stalloid or colloid fraction 
(in) Muscle By reference to figure 2 it may be seen that the crystalloid frac 
tion of neoarsphenamme penetrated readiij mto the skeletal muscle tissue, at 
tamed its maximum of 7 95% withm i hour, but showed progressive decrease to 
4 72% after 2 hours, 3 35% after 6 hours and 2 18% after 12 hours ivith a slight 
secondary nse to 2 68% after 24 houis After 7 days only 0 41 % w as present and 
after 14 days 011% That is, the ciy stalloid fraction penetrates readily into the 
muscle tissue after injection, reaching its maximum withm one half hour, but is 
also readily given up agam by this tissue 
The much greater affinity for and much moreiirolonged retention of the col 
loidal fraction in the muscle tissue is m striking contrast to this Although not 
reachmg quite as high a level in the first ^ hour (95%), after 2 hours the amount of 
colloid material w as 195% of that of the cry stalloid fraction at the corresponding 
time interval, and remained at a higher lex el at all subsequent time intervals, 
being 225% after 6 hours, 150% after 12 hours, 130% after 24 hours, 545% after 
7 days and 4820% after 14 days 

The behaviour of the whole drug after administration paralleled that of the 
colloid fraction veiy closely, the values for retention bemg even somewhat higher 
than for the colloid fraction at slx of the seven time intervals studied 

(iv) Bone The retention of the cryTStalloid fraction by bone follows the 
pattern charaetenstic of the crystalloid fraction, namely, a high initial pcnetra 
tion of 9 95% of the injected drug into this tissue at the ^ hour time interval, 
followed by a sudden decrease to 4 50% at the 2 hour time mterval, after which 
the amount retained is gradually reduced until at the end of 14 day s an amount 
(—0 04%) slightly less than the amount of arsenic normally presentwas recovered 
On the other hand the uptake of the colloid fraction by the bone is most 
marked Thus at the end of | hour, 8 53% of the injected colloid fraction was 
localized m the bone, and this uptake was further increased to a maximum of 
11 87% at the 2 hour time mterval These high levels were maintained, there 
bemg 8 44% present at the end of 12 hours, and at the 24 hour mterval the reten 
tion had agam risen to 10 88% After 7 days C 21% was still retamed, and even 
at the end of 14 day s 4 93% of the injected colloid fraction w as still present m the 
bone The bone, therefore, exhibits a very decided affimty for the colloid portion 
of neoarsphenamme, the retention m terms of the crystalloid fraction at cor 
responding time mtervals bemg 2 64 times after 2 hours, 4 IG tunes after G hours, 
3 OS times after 12 hours, 5 67 times after 24 hours, 4 40 times after 7 days and 
(based on the mean of the 3 positive determinations for the crystalloid fraction) 
20 00 times at the end of 14 days 

The retention of the whole drug was intermediate, following the pattern of the 
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Fio 2 Comparativcretentionof the cr)3talIoid fraction colloid fraction and whole drug 
of neoaraphenamme following the intravenous injection of 15 mg /kg in the rat 

colloidal fraction at the shorter time mten als, but AMth a subsequent elimination 
more nearly corresponding to that of the crystalloid fraction 

(v) Ltver Follouung the injection of the crystalloid fraction of neoarsphen 
arame the h\ er concentration attained a mean Ie^ el of 15 90% after I hour, rose 
to 17 35% after 2 hours, and then fell progressively through 13 68% after C hours, 
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Fxg. 3. A. Comparative liver and kidney affinity for nrsphenamine.and ncoaraphen- 
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9 44% after 12 hours and 5 17% after 24 hours After 7 daj s 1 37% ^^as found, 
ith 0 63% still remaining after 14 daj s The amounts present m the h\ er after 
24 hours \^erc, however, comparatu el> small 
The behaviour of the colloid fraction, on the other hand, was in decided con 
trast to this, the amounts found being 20 68, 28 78, 22 31, 30 98, and 24 14% 
after i, 2, 6, 12 and 24 hours, with 11 94% still present in the liver after 7 days, 
and 12 70 after 14 da> s In a single experiment made with the colloidal fraction 

3 37% of the injected drug was found to be still present in the hv er after 30 days 
In terms of the corresponding amount of the crystalloid fraction, the amount of 
the colloid fraction present w as 1 30 times greater after hour, 1 66 times after 2 
hours, 1 63 times after 6 hours, 3 28 times after 12 hours, 4 67 times after 21 
hours, 8 72 times after 7 days and 20 16 times after 14 days 
The amounts of whole drug found were intermediate to those of the two frac- 
tions at all tune intervals 

(vi) Kidneys By reference to figure 2 it may be seen that there ls compara 
tively little differentiation between the crystalloid or colloid fraction with regard 
to the kidneys, the values at corresponding time intcn als being generally within 
rt20% of each other In both cases the retention in the kidney was compara 
tively prolonged, appreciable amounts being still present after 14 days The 
retention of the whole drug w as somewhat greater than for either of the separated 
fractions 

(vu) Spleen The colloid fraction was retained to a greater extent by the 
spleen than was the case for either the whole drug or crystalloid fraction The 
maximum per cent of the colloid fraction, amounting to 3 46% was found m the 
spleen at the end of 6 hours, while for both the whole drug and crystalloid frac 
tion, the maximum per cent was found at the end of the 2 hour time mterval 
(viii) Brain The amount of crystalloid neoarsphenamme present in the 
brain was maximal with a concentration of only 0 12% after ^ hour, and the 
amounts recovered after 2 hours were within the limits of error of the method 
The colloid fraction was present, however, m definitely higher concentration for 
practically all tune intervals The whole drug behaved somewhat differently 
from either fraction, reaching a maximum concentration after 6 hours as com 
pared with J hour for both fractions 

(ix) Gaslro intestinal tract Definitely detectable amounts of the costalloid 
fraction were recovered from the stomach at all tune intervals during the first 
24 hours The amount of crystalloid drug found in the tissue of the small 
mtestme | hour after injection was very high, being 16 15% of the total amount 
of admmistered drug As mentioned previously under arsphenamme, the sig 
nificance of the presence of such large amounts of drug m the tissue (not in the 
lumen) of the gastro intestinal tract is under active investigation m this labora 
tory The amount decreased steadily at later tune intervals until only traces 
w ere recov ered after 24 hours Only small quantities of ar‘?enic w ere recov ered 
from the tissue of the colon after I and 2 hours, but more than 0% of the injected 
drug was present after 6 hours None was found present after 24 hours 
The colloid fraction was found to be present m a concentration greater than 
that of the cry'stalloid fraction m all three portions of the gastrointestinal tract 
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Typical of the behaviour of the colloid fraction is the fact that it was found to 
persist in a higher concentration for much longer time intcn^als. Thus, ex- 
pressed as a percentage of the corresponding cry^stalloid concentration, the 
colloid fractions were found in the following percentages at the respective time 
interx^als: 


TIME (nocis) 



i 

2 1 

6 ‘ 

12 

1 

I6S ' 


Stomach 

2W 

240 

260 

150 

1 250 

1770 

575 

Small intestine 

90 

I 160 

i 165 

: 225 

1 190 

i 615 

1110 

Large intestine 

470 

260 

60 

210 

190 

5C 

tc 


The whole drug behaved essentially in a manner intermediate to the two 
fractions, particularly in the stomach and colon. In the small intestine the peak 
of 25.11% was attained in | hour, with 17.20% present after 2 hours and 9.42% 
after 6 hours. At later time interv'als the amounts found approximated those for 
the fractions. 

(c) Tissue retention and total recovery. Ha\dng available the quantitative re- 
coveries from eleven separate tissues for five animals (except as noted) for each 
time interval, it appeared of interest to determine how closely the summation of 
the amounts recovered from all of these tissues would account for all of the ad- 
ministered arsenic, particularly at the shorter time inten’als. The results of 
these summations are shown in figure 3C, Also, because of the very evident 
shifts of arsenic distribution between blood and tissues at various time inteiv^als 
(see figs. 1 and 2, blood) it appeared desirable to present a summation of the 
amount of arsenic recovered from all tissues exclusive of the amount circulating in 
the blood stream. These values of tissue retention are shoum in figure 3B. 

Summation of the individual recoveries from the eleven tissues investigated 
gave a mean recovery at the half-hour time interv'al of 103.4% for all si.\' sam- 
ples investigated- That considerable elimination (largely into the gastro- 
intestinal tract) had taken place by the end of two hours is evident since at this 
time interval the mean total recover^' was only 78.1%. The graphs for total re- 
covery from all tissues likewise bring out the striking contrast between the extent 
of retention of the colloid fraction as compared with the cr 3 'staIIoid fraction and 
the general tendency of the whole drug to follow the pattern of the colloid rather 
than that of the crA'Stalloid fraction, a fact pointing to the normal high degree of 
colloidality of both of the arsphenamines. 

As a check on the accuracy* of the determination of total recover>^ summation 
of the recoveries from a group of tissues, several of which were determined by 
calculation from Donaldson ^s Tables (4) in order to arrive at total tissue arsenic 
content, a series of fiA’e rats was injected with a dosage of 15 mgm./kgm.of neoare- 
phenamine, sacrificed i hour after injection and, after removal of the entire 
gastrointestinal tract the animals were digested in toto as single samples. Five 
uninjected rats were treated in a similar manner to determine normal arsenic 
under identical conditions. After trial analyses had been made to determine (he 
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most suitable size aliquot, a series of ten Gutzeit analyses \\as made on each 
sample, and the arsenic recover} was calculated from the mean of each senes 
These anal> scs showed a mean arsenic reco\ cry of 63 93% from single sample 
anal3r5es as compared with a mean recovery of 66 03% obtained by summation of 
individual tissue anal} ses exluding the gastromtestmal tract 

The graphs (6g 3B) shou mg the total retention in all tissues except blood show 
essentiall} the same findings as for the total recoveries, but with greater contrast 
between the marked tissue retention of the colloid fraction and the rapid tissue 
loss of the crystalloid fraction 

(d) Comparative liter and kidney ajfimty The comparati\ e affinitj of the two 
drugs and their separated fractions for the h\er and kidnej was calculated on 
three bases, namely (1) in terms of the number of times the arsemc content of the 
organs was increased o^ er the mean i alue of the normal tissue arsenic, taken as a 
measure of the normal affinit} of these tissues foi arsenic, (2) on tlie basis of the 


TABLE 3 

Ratios of the comparatiie affinity of the liter and kidneys for arsphenamtnc and 
neoarsphcnamine 



cnjcn J9ASIS 

1 TOTAL OtCA^ BASIS 

TIME 

1 ArSpheoamine | 

1 N eoarsphenam ne 

1 Anpbcii:ain ne 

1 Neoarsphecanune 


Cryst ; 

toll 

WJO 

Cryit 

Col! 

D 

Cryst 

Coll 

V, D 

Cryst 

Coll 

W D 

hrz 













1 

3 50 

2 10 

5 24 

0 87 

1 3S 

0 70 

14 02 

8 74 : 

23 45 

3 24 

6 10 

3 95 

2 

2 07 

2 84 

5 57 

0 so 

1 87 1 

0 60 

9 60 

10 So i 

27 00 

4 45 

7 03 

2 82 

6 

2 46 

3 12 ; 

10 58 

0 99 i 

1 47 

0 97 

12 OS 

14 40 j 

49 SO 

4 28 1 

5 6S 

4 79 

12 

2 SO 

3 67 1 

7 14 

0 57 1 

3 3o 1 

0 44 

10 35 

15 3S 

27 05 

2 58 1 

14 75 

1 88 

24 

2 78 

2 81 

13 18 

0 49 

1 9S 

0 31 

12 19 

12 00 

62 45 

2 00 

7 56 

I 62 

I6S 

0 75 1 

1 54 1 

55 00 1 

0 36 1 

2 30 1 

. 0 33 1 

2 93 1 

5 77 1 

2o4 00 

I 47 1 

10 75 

1 2S 

336 

2 96 

0 S2 

I 89 

0 43 

2 24 

0 10 

13 00 

3 17 1 

92 30 

1 70 

9 70 

0 60 


gm /gm arsenic content of the two organs at corresponding time inteivals, and 
(3) on the basis of the respectn e total arsenic content of the tw o organs 
On the basis of normal arsemc affinitj (fig 3A) it ma} be “^een that the affinity 
of the li\ er for arsphenamme generall} predominates This is particularly true 
in the case of the comparatnely long retained whole drug and colloid fraction 
(<!ee fig 3B and C), much less the case with the comparative!} rapidly excreted 
crystalloid fraction except at the earliest time mterv al With neoarsphenamine 
the much greater relative affinity of the kidney for the drug is v ery ev ident, so 
that only in the case of the long letained colloid fraction did the liver affinity 
appreciably exceed that of the kidneys 
The ratios for the comparative arsemc content of the two organs (a) on a 
gm /gm basis and (b) on a total organ basis are showm in table 3 On a gm /gm 
basis the greater comparative affinity of the liver for arsphenamme is very 
evident with all three preparations, most of the ratios mdicating that the liver 
retains two to three times as much drug as does the kidney With neoarsphen 
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amine the ratios bring out even more strikingly than was seen on a normal 
arsenic content basis the much greater affinity of the kidney for this drug. On a 
gm./gm. basis the kidney invariabl 3 ^ took up more drug than the liver averaging 
1.5 times in the case of the crj’stalloid fraction and 2.0 times as much with the 
whole drug. Only in the case of the long retained colloid fraction did the liver 
take Up more drug than the kidne 3 ^ 

When compared on a total organ basis the much greater weight of the liver as 
compared ndth that of the kidnej’^s makes almost all of the ratios greater than 
unity, but the same massive affinity of arsphenamine in all forms for the liver and 
of neoarsphenamine (except with the colloid fraction) for the kidneys again 
stands out. 

These results add confirmation to the findings of Rosenthal (31) who, foUo^g 
the intravenous injection of arsphenamine was able to detect the formation of 
arsenoxide in the liver but not in the kidnej'S, and following the injection of neo- 

TABLE 4 


N^oarsphenamine-ar&phenamine ratios for various tissues and time intervals 


TISSUE 

OlYSTAtLODJ rSACTtOX 

coixoiD ruAcnoN 

TnroLE pjiuc 

\ hr. 

6 hrs. 

24 hrs. 

14 da. 

§hr. 




ihr. 

6 hrs. 

24 hrs. 

14 da. 


Skin 

1.93 

2.14 

2.61 

03 

El 

0.69 

0.52 

1.85 

1.79 

4.02 

24.35 

2.34 

^luscle . . . 

1.01 

2.18 

00 

00 

HI 

1.94 

0.73 

3.16 

1.17 

1.05 

eo 

nnnn 

Bone 

5.03 

5. 90 

00 

32.25 

2.53 

3.85 

2.70 

1.99 

1.60 

1.39 

00 

1.79 

Liver. . . . 

0.44 

2.91 

2.65 

4.85 

0.63 

1.43 

1.74 

6.90 

0.46 

0,40 

0.32 

Itgll 

Kidneys. J 

1.91 

8.18 

16.12 


1.08 

3,68 

2.82 

2.26 

2.71 

4.10 

12.14 

1.67 

Spleen... .| 

1.43 

4.59 


w 

2.09 

2.68 

1.48 

1.38 

3.29 

i 1.36 

1.39 

ot 

Brain 

00^ ' 

3.00 ' 

CO 

00 

3.44 

50.00 

1.09 

CO 

1.14 

6.80 




* 00 indicates that the arsphenamine concentration had a negative value, 
t 0 indicates that the neoarsphenamine concentration had a negative value. 


arsphenamine demonstrated the presence of arsenoxide in the kidneys but was 
unable to obtain positive tests from the liver. 

(e) Comparative retention of arsphenamine and neoarsphenamine. Since the 
same dosage per kgm. was used uniformly for all preparations the results present 
an interesting opportunity to compare not onlj^ the comparative affinity of the 
various organs and tissues for arsphenamine and neoarsphenamine but also of 
their respective crystalloid and colloid fractions. The results of such a com- 
parison are 6ho\\'n in table 4. The values are expressed as a ratio of neoars* 
phenamine: arsphenamine concentrations. Values greater than unity therefore 
express a greater concentration of neoarsphenamine than of arsphenamine for a 
^ven tissue and time inten’al. Four time intervals, namely 6 and 24 hours and 
14 daj’s, were chosen as giving a sufficient!!' representative cross-section of the 
distribution throughout the time range. The values for blood and gastro-in- 
testinal tract concentrations have been Omitted since th^c arc necessarily 
antagonistic to and dependent on the other tissue concentrations. 
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The almost general uniformity of the greater retention of neoarsphenamine 
over arsphenamine at practically all time interi'als is most apparent regardless of 
whether the respective drugs be compared in the form of the whole drug or of the 
separated crystalloid or colloid fractions. The greater retention of neoarsphen- 
amine ranges as high as 40-50 times that of arsphenamine, and for all tissues 
averages 7.0 times for the crj'stalloid fraction, 4.0 times for the colloid fraction and 
3.6 times for the whole drug. The only exceptions worthy of note are (a) in the 
case of the liver, where the whole drug is more strongly retained with arsphena- 
mine than with neoarsphenamine and (b) in the case of the skin, w’here the 
retention of arsphenamine predominates with the colloid fraction. 

Discussion. The experiments reported above show* that when an arsenical * 
such as arsphenamine or neoarsphenamine is injected intravenously, the physico- 
chemical components of the drug distribute themselves throughout the animal 
body in a characteristic manner. The colloid fmction is in general long retained, 
as it is firmly held by the tissues and slowly returned to the blood stream from 
which it is eliminated only with difficulty. Since it has been shown previously 
(45) that the colloid fraction is of low curative value and high immediate toxicity, 
it appears that the colloid characteristics of both arsphenamine and neoarsphen- 
amine are essentially undesirable, since this fraction is also largely responsible for 
contributing to the cumulation of arsenic in the tissues, with the consequent 
necessity for limitation of the clinical use of these drugs to courses of treatment 
consisting of 12 to 20 injections. 

The crystalloid fraction represents the portion of the arsenical W'hich penetrates 
the tissues w'ell but which is not long retained and disappears fairly rapidly from 
the body. Further, since it has been shown (45) that this fraction possesses a 
high curative power and a low comparative toxicity, it would appear that from all 
three standpoints the development of methods for the manufacture of arsphen- 
amine and neoarsphenamine of maximal ciy'stalloid characteristics is highly 
desirable in the clinical treatment of s^Tphilis. 

The fact that in the sLx samples tested an average total recovery of 103.4% 
of the injected drug was obtained \ hour after injection indicates that the organs 
tested include practically all those containing any appreciable quantity of the 
drug. The distribution in the various tissues during the early time intervals 
show's that the arsenical content of the blood is quickly reduced in the case of the 
whole drugs and crystalloid fractions the drugs being largely taken up by the 
tissues, from w’hieh thej- are again comparatively readily returned to the blood 
stream to be eliminated by w'ay of the kidneys and gastro-intestinal tract. The 
relative importance of the role played by the kidneys, liver and especially of the 
gastro-intestinal tract (where secretion through the gastrointestinal mucosa ap- 
pears probable in addition to the know'n elimination through the bile), in the 
elimination of the arsphenamines cannot be evaluated on the basis of this study. 
How’ever the analysis of the gastro-intestinal contents (to be reported) show's 
the presence of appreciable amounts of arsenic. 

Conclusions. 1. The colloid fraction of both arsphenamine and neoars- 
phenamine is the portion of these drugs which is retained for the longest period of 
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time. It penetrates into the tissues readily, as is shown by the sharp rise in 
tissue arsenic in the early time periods, and it also appears to be relatively firmly 
held by the tissues, since it is reexcreted quite slowly into the blood stream. The 
arsenic which is returned by the tissues to the blood stream is in turn eliminated 
from the animal body only with considerable dijSiculty, since a considerable por- 
tion of the injected colloid fraction was found to be still present in the blood 
stream at the end of thirty days. The greater part of the colloid fraction was 
found in the blood and liver, but the skin, muscle, bone, and intestinal tract also 
took up important percentages of the injected colloid fraction. All the tissues 
examined showed retention of the colloid fraction for a longer period of time than 
was shovm by either the whole drug or crystalloid fraction. 

2. The cr>'staIIoid fraction showed a high degree of initial penetration of the 
drug into the tissues vith a subsequent rapid lowering of their arsenic concentra- 
tion. The excretion of the crystalloid fraction from the tissues is much faster 
than is the case vdth either the whole drug or colloid fraction, 

3. The whole drug occupies an intermediate position, but vith a decided 
tendency to follow more closely the greater and more prolonged retention pattern 
of the colloid fraction, v 

4. The distinctive affinity of arsphenamine for the liver and of neoarsphen- 
amine for the kidnej’’ has been confirmed and elaborated. 

5. When injected into rats in an equivalent dosage neoarsphenamine is re- 
tained by practically all tissues (except the blood and gastro-intestinal tract) to a 
greater extent than arsphenamine regardless of its ph 3 ’'sico-chemicaI char- 
acteristics. 
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Since nucleic acid derivatives have in recent years come into use for the treat- 
ment of certain nutritional and neuritic disturbances, the attempt is being 
made to find new derivatives which are effective therapeuticall}^ and at the same 
time relatively free from undesirable side effects (1) . Clinically, these side effects 
occur almost immediately after intramuscular or intravenous injection, last only 
a short time, and are not considered as serious complications. Nevertheless, 
they are unpleasant to the patient and may include flushed face, hyperpnea, 
tachycardia, abdominal cramps, feeling of fullness in the head, apprehension, 
dilated pupils, and slight fall in arterial blood pressure (2). 

The pharmacological actions of many nucleic acid derivatives have been re- 
viewed by Drury [Z) . Euler and co-workers (4) reported on the pharmacology of 
cozj^mase, adenosine, adenosine-5'-phosphoric acid (muscle adenylic acid) and 
adenosme-S'-phosphoric acid (yeast adenylic acid) as tested on blood pressure of 
rabbits, isolated guinea pig uterus and isolated rabbit intestine. In general, 
these substances produce cardiac sloudng, depression of nodes and conduction of 
the heart, lowering of blood pressure (large!}’' through direct peripheral vasodilata- 
tion), inhition of intestinal muscle and stimulation of uterine muscle. Members 
of the series vaiy' somewhat in their relative effects on the different systems and 
also with the species of animal used for stud 3 \ 

This report concerns the examination of adenine-thiomethylpentose, a lesser 
known member of the series, isolated from yeast. To better judge the advisa- 
bility of its use as a therapeutic agent, we have compared this substance uith a 
few other knoum members of the series unth respect to its relative effects on blood 
pressure and on intestinal and uterine muscle. 

Adenine-thiomethylpentose was first isolated from yeast in 1924 by Suzuki, 
Odake, and Mori (5) and by Levene and co-workers (6). Levene has suggested 
the following formula: 



I A preliminary note on tins investigation has been communicated in the Federation 
Proceedings, Vol. 2, No. 1, p. 7S, 1943. 
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Since the compound so far has been difficult to obtain, in\ cstigations on it have 
been rather limited It is not knoi\n whether it occurs in the animal orgamsm, 
nor has its biological function been demonstrated so fai It is rather tempting to 
assume that adenine thiometh} Ipento'^e like adenosine may be a degradation 
product of a nucleotide and as such maj be part of some enz^ mo s> stem 
Some pharmacological properties of adenine thiomcthj Ipentosc hn\ e been 
studied recent! j bj Kuhn and Henkel (7) The} found tint it causes a lowenng 
of the bod} temperature and basic metabolism of rabbits and cats if gi\ cn per os 
in an amount of 1 50 to 200 mgm per kg 
Experimental pkocedures Adenine thiometh} Ipentosc n ns prepared from 
}east* according to the method of Levene (G) Mith some modifications It ^^as 
recr> stalhzed repcatedi} from uater until the melting point remained constant 
(210®C ) 

Elnncnlanj anofysis* CuHjsOjXsS (hlW 297 1) 

Found 43 94% C, 5 23% H 23 61% N, 11 07% S Calculated 44 44% C, 
5 0S% H, 23 55% ^ , 10 78% S 



Fig 1 Blood 
(muscle), c 0 2o 
C07} mase f 0 1 
moles) Time intcr\ tI — 5 see 

Pure adenosine muscle aden} he acid, yeast adcn}licacid and cozymase u ere 
prepared according to the methods guen in the literature Solutions of these 
compounds in distilled Mater were prepared containing 5 gamma moles per ml 
These solutions Mere used for the following procedures 

Blood pressure of rahbzts The carotid blood pressure of rabbits under dial 
uiethane pentobarbital anesthesia was recoided in the usual manner on a kvmo 
graph Var}ing amounts of the different solutions neie injected intra\ cnousl} 
into the exposed femoral \ cm 

As may be seen from fig 1, adenine thiometh} Ipentose like other members of 
the scries produced a fall in blood pressure This depressor effect, howev er, was 
considcrabl} less than that produced b} an} of the other compounds tested 
Compared with adenosine a dose of 5 gamma moles of adenine thiometh}! 
pentose m a rabbit weighing 1 85 kg caused a drop in blood pressure ncarl} equal 
to that produced b\ 0 6 gamma moles of adenosine It is weaker c\en than 

* The authors are indebted to Anheuser Busch Inc St Louis for donation of large 
amounts of yeast 

* Microanalisis by R H "Morris to whom we wish to express our gratitude 
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3 ’'east adenylic acid which lias previously been shown to ,be less active than 
adenosine (8). Attention should be called to one other factor; that the fall in 
blood pressure produced by the relatively large doses of adenine-thiomethylpen- 
tose is more prolonged than that caused by adenosine and more like that of yeast 
adenylic acid (9). 

Isolated rabbit intestine. The strip of intestine was suspended in a 50 cc, bath 
of aerated Locke-Ringer solution at constant iemperature, and to this bath was 
added the compound to be ^ tested. Adenine-thiometh 3 dpentose caused an 



Fio. 2. Rabbit intestine, a, 0.2 cc. adenosine; b, 0.2 ce. adenine-thiomcthylpentose; 
c, 0.1 cc. adenosine; d, 1.0 cc. adenine-thiometlndpcntose; e, 0.1 cc. adenylic acid (muscle); 
f, 0.1 cc. adenylic acid (j^east) ; k, 0.1 cc. cozj’masc (1 cc. - 5 gamma moles). Time interval 
— 5 sec. 


t t 

a b c 

" - f 

Fig. 3. Guinea pig uterus, a, 0.1 cc. adcnino-thiomcth^dpcntosc; b, 0.1 cc. adenosine; 
c,0.1 cc. adenine-tlnomcthvlpcntosc; d, 0.1 cc, adenosine (1 cc. == 5 gamma moles). Uterus 
I, a, b. Uterus 11, c, d. Time interval — 5 sec. 

inhibition of the intestinal movements as do the other members of the series. 
Quantitatively, it was considerably weaker in this action; 5 gamma moles pro- 
duced less relaxation than 0.5 gamma moles of adenosine, indicating a ratio of 
about 1 : 15 in activity. Figure 2 shows the response obtained with a representa- 
tive rabbit intestinal strip. 

Isolated guinea pig uterus. Adenine-thiomethylpentcse added to the bath 
caused contraction of the uterine strips similar to the action of the other com- 
pounds of this class. The response of different uterine strips varied considerably. 
As little as 0.05 gamma moles of adenosine was sufficient to initiate contraction of 
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some strips In general, the action of adenine-thiomethylpentose on the uterus 
was approximately as great as that of adenosine. Attention should be called to 
the less abrupt response to the adenine-thiomethjdpentose ns compared to the 
more marked primarj' contraction brought about by adenosine. 

Enzymatic deamination in vitro. All substances of this class which exert the 
pharmacological actions described above have tu o features in common : the amino 
group in position C of the purine base and a carbohydrate side chain in position 9. 
As has been found by others, these previously studied substances are subject to 
enzymatic deamination (3, 10, 11). Bennet and Dniry (8) have stated that it 
may reasonably be supposed that the substances in question exert their bio- 
logical activity through the process of deamination. It seemed of interest to 
expose adenine-thiomethylpentose to the enzyme deaminase to see whether it 
would comply with the theory that there is a correlation betw een pharmacological 
action and deamination. 


TABLE 1 

Action oj deaminase on adenosine and on adeninethiomethylpentose 


SUSSTAircS tXAUISTD 

iNCUBATiov rnti: 

CAUUA UOI.C3 or 
NH| $rtrr orr 

Adenosine ... 

mtnuUs 

10 

2 2 

Adenosme ..... 

30 

6.4 

Adenosine .... 

60 1 

11 6 

Adenosine . 

120 1 

20.1 

Adeninethiomc thy] pent ose 

10 

0.0 

Adenincthiomethylpentoae , . 

30 

0 0 

Adcnincthiomethyl pentose 

60 

0 0 

Adeninethiomethylpentose 

120 

0 0 

Control (no substance) 

120 

0 0 


Deaminase from calf intestinal mucosa was prepared according to Brady (12). 
For the deamination experiments, the composition of samples 'was as follows: 
0.04 milli moles of substrate were dissolved in 4 0 ml of 0 00 M citrate-phosphate 
buffer (pH 7.0), To this, 1 0 ml. of crude enzyme extract corresponding to 2 
mgm of drj' preparation was added. After incubation at 30° C. for vanous 
lengths of time the reaction w’as stopped by adding 1 0 ml of 4 N HCl The am- 
monia liberated w’as distilled off after alkalinization and determined quantita- 
tively. The results are given in table 1 
As can be seen from table 1, adenine-thiomethylpentose is not attacked by 
adenosine deaminase This finding, how e\ er, does not necessarily exclude the 
deamination theoiy’ of the pharmacological activity. It is possible that the 
living organism has an enzyme system which removes the thiomethyl group 
The adenosine formed could then be responsible for the pharmacological effects 
observed. 

Discussiov. This study of a few effects of adenine-thiomethylpentose shows 
that it behaves in general in the same manner as adenosine, the adenylic acids. 
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and cozymase. A fall in blood pressure takes place when a sufficient amount is 
given intravenously. This effect is maintained considerably longer than that of 
adenosine. In this respect it is more like yeast adenylic acid (fig. 1, c). In ex- 
periments with the isolated intestinal strips of the rabbit, adenine-thiomethyl- 
pentose must be given in larger doses than adenosine in order to produce a com- 
parable inhibition, and this inhibitory effect develops more slowly and is more 
prolonged. The response of the isolated guinea pig uterus is less predictable. 
Apparently, it varies considerably with the state of the organ. In some instances, 
the response was slightly greater than that found with adenosine (fig. 3, a), in 
others it was weaker but in general, about equal. These pharmacolo^cal effects 
suggest that possibly the active substance is a breakdown product and that the 
release of the active product is delayed and, therefore, prolonged. 

SUMMARY 

1. Some pharmacological actions of adenine-thiomethjdpentose, a naturally 
occurring nucleoside, were studied. 

2. Qualitatively its actions are similar to those of other nucleic acid derivatives 
of this class, i.e., lowering of the blood pressure in rabbits, relaxation of rabbit 
intestinal strips and contraction of the isolated guinea pig uterus. 

3. Quantitative^', it is much weaker than adenosine in increasing blood 
pressure and relaxing intestinal muscle and approximate!}' equal to adenosine in 
contracting the guinea pig uterus. 

4. Adenosine deaminase does not attack adenine-thiomethylpentose. The 
significance of this finding in relation to the pharmacological activity is discussed. 
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It has been reported by Go\ ler and Greer (1) and by Go\ ler (2) that the ad 
ministration of thiamin to dogs m which shock had been induced by hemorrhage 
prolonged their survival time, and that dogs wath a high lev el of plasma thiamin 
were more resistant to the onset of shock than were those with a low plasma 
thiamin It w as also showm that m shock the blood keto acid lev els increased (3) 
Since dogs which had normal plasma thiamin v alues w ere benefitted b> thiamin 
therapy (2), the question arose as to vvh> additional thiamin should be effective 
One answer to this question w ould be that the animal s tis'^ue thiamm became 
incapable of functioning m intracellular mctabohsm 

As IS well known, the phosphor^ lated form of thiamm — diphospho thiamm or 
cocarboxj lose — is the coenzjme essential for the metabolism of pyruvate The 
vitamin, tluamin, is apparently absorbed in the free form and becomes phos 
phorylated to the coenzyme in the cell In the tissues there is probably an 
equihbnum between thiamm (and/or its monophosphate) and cocarboxylase as 
shoivn m the follow mg reaction 

Thiamin phosphate^=J^ cocarboxylase 

Under normal conditions, in animal tissues most of the thiamm present is m the 
phosphorylated form but it seemed possible that under abnormal conditions such 
as in shock, the cocarboxylase nught become dephosphory lated, thus shifting the 
equilibrium to the left Such an assumption seemed most likely m vnew of the 
ttt itlro work of Ochoa (4) who found that m experiments with hv er, kidney , mus 
cle and brain under anaerohe conditions cocarboxylase was destroyed by an 
enzyme (probably a phosphatase) We hav e repeated and confirmed this work 
Since anoxia is known to be one factor in shock, and since cocarboxylase has 
been shown to be dephosphory la ted in mtro under anaerobic conditions, it was 
decided to determine whether cocarboxy lose became dephosphory lated m shock 
mduced by hemorrhage, and in dogs made anoxic by reducing the amount of 
oxygen inspired 

‘The work described m this paper was done under a contract recommended by the 
Committee on Medical Research between the Office of Scientific Research and Develop 
ment and \ anderbilt University 

This paper was released for publication on March 26 1943 
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METHODS 

Forty-two dogs were used. Shock was induced in nineteen of these, twelve were sub- 
jected to anoxic anoxia, and eleven were used as controls. Tables I and III contain re- 
sults of experiments which are representative of a larger series. 

Diet. All dogs used in this series were placed on the same basic diet consisting of cane 
sugar, casein, cottonseed oil and salt mixture in the proportions recommended by Schaefer, 
McKibbin and Elvehjem (5) ^’ith cellulose flour added for bulk. In addition, all of the 
animals received the following vitamins twice a week by stomach tube in adequate amounts 
(5): riboflavin, nicotinic acid, pantothenic acid, pyridoxine and choline, and half of the 
animals received thiamin. By this method variations in the cocarboxylaae content of the 
tissues w’ere obtained. Ascorbic acid (10 rag.) was also given to each dog along with the 
other vitamins to protect them from the gangrenous oral lesions already described (6). 

Anesthetic. The dogs were anesthetized with pentobarbital sodium as described pre- 
viously (2). 

Production of shock. Shock was produced by the method already described (2) which 
consisted of arterial bleedings at half hour intervals until the blood pressure remained 
below 60 mra. Hg for 30 minutes. The amounts of blood removed were as follows; two 
bleedings of 1% of body w'cight, two bleedings of 0.5%, and all succeeding bleedings of 0.25%. 

Production of anoxia. The dog^ in which anoxia was to be produced were connected by 
a tracheal cannula to n Sanborn metabolimeter filled with a mixture of 20% oxygen in 
nitrogen. The oxygen content of the inspired gas was gradually reduced to 10% and 
maintained at this level for one to four hours by means of a Foregger gas machine. If the 
dogs ceased breathing on this mixture they w’cre given artificial respiration until breathing 
became normal, and then allowxd to breathe air for a few minutes before being returned to 
the 10% oxygen. Carbon dioxide was removed by means of a soda lime canister. 

Tissues analyzed. Analyses for cocarboxylase and total thiamin were done on samples 
of liver, duodenum and muscle. These tissues were chosen because of their cose of access 
and because of their mass. According to Leong (7) the total storage of thiamin in the 
muscle of the rat accounted for about 60% of the total reserves in the body while that in 
liver amounted to about 35%. If these .results be applicable to the dog, changes in the 
liver and muscle would give a good idea of what happens to the cocarbox 3 dase in the whole 
animal. In agreement with the results of Goodhart and Sinclair (8) we found no cocar- 
boxylase in blood serum. This can be explained bj' the finding in this laboratory of an ac- 
tive phosphatase in dog serum vvhich hydrolyzes cocarboxylaae (9). 

The first tissue samples in all cases were removed after the dogs had been anesthetized 
for one hour. In the dogs subjected to shock the second samples were taken after the blood 
pressure had remained below 60 mm. Hg for 30 minutes and the third usually one hour after 
thiamin administration. In the animals subjected to anoxic anoxia the second samples 
were taken after the dogs had been respiring a 10% oxygen mixture for one to four hours. 
In the control animals the second tissues were removed two hours after the removal of 
the first. 

Muscle samples were taken with scissors from the deltoid muscles, liver by means of a 
cork borer, and duodenum by means of scissors. Hemostasis was obtained by packing the 
wounds with gauze pledgets in the cases of muscle and liver, and by suturing the duodenum. 
Muscle and liver were freed from excess blood with filter paper. All tissue samples were 
frozen immediately in solid carbon dioxide and kept frozen until analyzed. The tissues 
were then weighed, snipped wuth scissors and homogenized in distilled u a ter at 0 C. Thej 
were then diluted with distilled water so that the resulting suspension contained one 
gram of tissue in 10 cc. These suspensions were heated at 100"C. for 5 minutes, centrifuged, 
and the supernatant fluid used for analyses. 

Controls. Eleven dogs w^ere used as controls. Samples of muscle only were taken, m 

order to eliminate any possible shocking effect of visceral manipulation. 

Analms Total thiamin was determined by the yeast fermentation method of SchnlU, 
Atkin and Frey (10). Cocarboxylase was determined by the Warburg technic using the 
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split enzjTue prepared as descnbed bj Green et al (U) Cooarbox>lase is expressed as 
7 of thiamin per gram of dry tissue m Tables I, II and III All results of analyses recorded 
are the averages of duplicate determinations 

Results Dephosphorylahon of cocarhoxylase tn shod Table I shows that in 
shock induced bj hemorrhage a decrease of cocarboxylase occura in muscle, liver 
and duodenum The product formed from cocarboxylase is either thiamin or 
thiamin monophosphate since in in into experiments in wluch determmations of 
thiaimn were done bj the Schultz, Atkm and Frey method and in which no 
diffusion of thiamm occurred, the total thiamm content remamed constant even 
though cocarboxj lose decreased This was also the case m in viiro experiments m 
which cocarboxylase was hydrolyzed anaerobicallj The dephosphorylation 
occurs most frequently m muscle, less frequentlj m duodenum and m about half 
the expenments with hver The number of cases in which dephosphorjlation 
occurs are 12 out of 13, or 92% of the cases for muscle, 9 out of 13, or 69% of the 
cases with duodenum, and 6 out of 13, or 46% of the cases with liver The 
magmtude of the dephosphorjlation is variable, there being some tendency for a 
greater degree of dephosphorjlation to occur in dogs which required small 
amounts of bleeding to go into shock than in those animals which were resistant 
to shock 

li* *his investigation, however, no attempt has been made to correlate dephos 
phorj lation w ith other factors, but simplv to show that the cocarboxj lase content 
of tissues does change m shock and m anoxic anoxia Since a great manj factors 
are probablj involv ed, such as the degree of anoxia, the tissue thiamm lev el of the 
dog, as well as the abihtj of vanous other oxidative enzj me sj stems to function 
normally, the problem is a compheated one, and one would expect to obtam large 
V anations among the experiments 

When the magnitude of the changes m the muscle of the controls (Table II) 
IS compared w ith that of the muscle of the shocked animals (Table I) it will be 
seen that the dephosphorj lation of cocarboxj lase is nluch greater in the shocked 
animals On statistical analjsis, comparing the'ie two groups with reference to 
muscle samples t = 347 when n = 22, thus making the probability of chance 
occurrence well below 0 01 

Resynthests of cocarhoxylase follomng tJnamtn therapy In Table I the per- 
centage increase of cocarhoxylase after therapy is calculated on the basis of the 
cocarboxj lase level in shock Cocarboxj lase is resynthesized in from 30 to 60 
min following the administration of thiamm, the amount resjnthesized fre 
quentlj exceeding that which was ongmallj present in the animal at the start of 
the experiment 

Dephosphorylahon of cocarhoxylase tn anoxtc anoxia Table III contains repre- 
sentative expenments of this group It is seen that the changes produced in the 
cocarboxylase content of tissues of dogs subjected to anoxic anoxia are similar to 
those found m shocked animals Dephosphorj lation occurred in 92% of cases for 
muscle (11/12), 67% for liver (8/12) and 82% for duodenum (9/11) It thus 
appears that anemic anoxia produces a tissue anaerobiosis similar to that pro 
duced by anoxic anoxia and that the anaerobiosis is one factor in both shock and 
anoMC anoxia which produces the dephosphorjlation of cocarboxj lase 
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Dogs subjected io hemorrhage 

Cocarboxylasc in 7 /gram dry weight of muscle, liver and duodenum before and during 
shock and after thiamin therapy. 


SDO 

MCSCLE 

UVE* 

DCODE.VCU 

MIOUKT 07 
BLCEnmc 

Cocar- 

boiQflase 

change 

Cocar- 

boiylase 

% 

change 

Cocar- 

boxylasc 

i change 

’ Hi 7EXCZXT 
or BODY 
WEJCBT 

No. 01, 0.25 kg., 9 








Before shock 

5.57 


10.90 


6.88 



After 30 min. shock 

2.10 

“G 2 

5.90 

—46 

1 21 

—83 

2.3 

After thiamin therapy. .... 

4.47 

4-113 

10.00 

+69 

4.74 

+147 

No. 03, 11.0 kg., 9 








Before shock 

8 . 2 G 


14.00 


6.95 



After 30 min. shock 

0 

-100 

9.14 

-35 

2.40 

-66 

2.25 

After thiamin therapy... 

0 

0 

6.03 

-34 

5.90 

+146 


No. 77, 11.5 kg., 9 








Before shock 

7.02 


2i.5 


12.55 



After 30 min. shock 

6.06 

-14 

16.15 

-25 

10.70 

-15 

4.45 

After thiamin therapy 

10,4 

+72 

26.7 

+65 

17.10 

+60 


No. 81, 10.1 kg., 9 





i ; 



Before shock 

4.24 


1 9.70 


i 4.24 



After 30 min. shock 

3.62 

-15 

11.00 

+13 

4.40 

+4 

3.25 

After thiamin therapy 

4.2G 

+18 

16.24 

+48 

4.42 

0 


No. 09, 11.0 kg., o’ 








Before ehock 

2.22 


5.25 


2.67 


3.2 

After 30 min. shock 

2.16 

-3 

5.77 

+10 

3.40 

+27 


After thiamin therapy 

3.14 

+45 

8.35 

+45 

5.66 

+66 


No. 45, 14.25 kg., 9 








Before shook 

5.52 


7.18 


2.20 


3.2 

After 30 rain, shock 

3.14 

-43 

4.27 

-41 

1-94 

-12 


After thiamin therapy 

5.67 

+80 

11.40 

+167 

9.10 

+36S 


No. 49, 10.0 kg., 9 








Before shock 

8.60 


12.40 


14.40 



After 30 min. shock 

6.88 

-19 

14.65 

+18 

12.20 

-15 

2.75 

After thiamin therapy 

10.30 

+50 

21.50 

+47 

20.30 

+66 


No. 61, 15.2 kg., o’ 








Before shock 

22.10 


28.00 


13.75 



After 30 min. shock 

20.30 

-8 

28.30 

44 

23.90 

+74 

5.45 
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TABLE l^oncluded 


000 

UUSOX 1 

I UVES 

I DuoDnmi 

ASfotnrr or 

BLEEDING 
nr FEE cEirf 
or BODY 

weight 

Cocar 
boxy last 

ebaoge 1 

Cocar 1 
boxy Use 1 

% n 

ebasge 

Cbcar 
boxy Use 

1 

change 

No 59, 8 8 kg , 9 








Before shock 

1 61 


4 60 


5 02 



After 30 min shock 

1 86 

+16 

11 25 

+144 

3 97 

-21 

5 25 

After tbiamm therapy 

5 12 

+176 

12 45 

+11 

3 12 

-21 


No 67, 10 7 kg , d’ 








Before shock 

4 33 


11 55 


4 29 


2 2 

After 30 min shock 

1 82 

-58 

10 95 

-5 

4 06 

-5 


After thiamin therapy 

2 71 

+49 

14 65 

; +34 

3 77 

-7 


No 71, 8 7 kg , 9 








Before shock 

3 70 


S 96 


3,62 


2 4 

After 30 min shock 

1 97 

-47 

8 50 

-5 

2 84 

-22 


No 79, 37 3 kg , 9 








Before shock 

2 78 


10 25 


4 65 


4 2 

After 30 min shock 

1 88 

-32 

12 00 

+17 

3 73 

-20 


No 85, n 2 kg , 9 








Before shock 

2 25 


4 94 

1 

2 15 


3 75 

After 30 min shock 

1 15 

-49 

4 95 

0 

2 37 

+10 


After thiamin therapy 

3 50 

+204 

14 35 

+190 

5 36 

+126 



TABLE II 


Control doQs 


DOG 

COCAEBOEYLASE IH y/GJUUI OY DEV ICUSCXE 

After 1 hr aDesthesia 

After 3 brs asesthHia 

% change 

110 (1) 

4 56 

7 44 

+63 

110 (2) 

6 54 

9 90 

+51 

110 (3) 

3 67 

7 28 

+98 

no (4) 

6 22 

6 06 

-3 

no (6) 

6 98 

8 24 

+18 

no (6) 

9 35 

9 24 

-1 

ni (I) 

5 68 j 

5 16 

-9 

111 (2) 

7 36 

6 52 

-11 

in (4) 

3 29 j 

3 45 

+5 

111 (5) 

4 98 

4 32 

-13 

111 (6) 

3 64 

4 34 

+19 
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Discussion, Since the time when it was first observed in this laboratory 
that thiamin can exert a beneficial effect on animals in which shock has been 
induced by hemorrhage, attempts have been made to discover why this should 
occur. One reason is that after cocarboxylase has been hydrolyzed in shook it is 
again resynthesized following thiamin therapy. It would appear that in these 
conditions a fundamental cause of the dephosphorylation of cocarboxyJase is the 
tissue anaerobiosis produced. It would also seem likely that such a dephos- 
phoiylation would also occur in other conditions involving anoxia of the tissue. 

The question arises as to why additional thiamin should be required for resyn- 
thesis of cocarboxylase. This remains unanswered, but it has been observed 
that in dogs which went into shock with small amounts of bleeding the plasma 

TABLE III 
Dogs subjected to anoxia 

Cocarboxylase in y/gram dry weight in muscle, liver and duodenutn.before and during 
anoxia. 


DOG 

UDSCLE 

j UVER 

DOODEXUU 

Cocar- 

boxylase 

% change 

Cocar- 

boxylase 

% change 

Cocar- 
bo x> Use 

% change 

No. 47, 11.5 kg., 9 







Before anoxia 

11 20 


21 00 


16 70 


After 3 hrs. anoxia 

8 53 

-24 

20.60 

—2 

12 30 

-26 

No. 73, 9.6 kg., d' 


i 





Before anoxia 

2 97 


8 66 


3 67 


After 2 hrs. anoxia 

1 90 

-36 

9 82 

+13 

3 95 i 

+8 

No. 75, n.O kg., d' 

i 



1 



Before anoxia . 

i 3.29 


6.62 


5.34 


After 4 hrs. anoxia 

1 63 

-49 

7.20 

+9 

3 65 

-32 

No. 57, 10.9 kg., cf 







Before anoxia 

2 42 


1 16 


5 16 


After 3 hrs. anoxia 

2 61 

+8 

1 14 

-2 

2 63 

-49 


thiamin level increased, indicating a diffusion of thiamin from the tissues. 
Thus, in dogs susceptible to shock the thiamin resulting from dephosphorylation 
of cocarboxjdase is removed from its site of action in the cell. Addition of large 
amounts of thiamin to the circulating fluid might result in a higher intracellular 
tliiamin level. The mechanism for the resynthesis of cocarboxylase under some- 
what anaerobic conditions is unexplained. It is known that phosphorylation of 
thiamin can occur in vitro by the transfer of the labile phosphate groups from 
adenosine triphosphate to thiamin. Under anaerobic conditions adenosine 
triphosphate is also dephosphorylated. However, in shock anaerobiosis is not 
complete and it is possible that sufficient adenosine triphosphate remains intact 
to initiate the reaction in the presence of excess thiamin, which once started 
would have a cumulative effect on both the synthesis of adenosine triphosphate 
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and cocarbo:Qflasc There is also no reason to suppose that breakdown of 
enzyme systems should be limited to pyruvic oxidase Voronoy and Lipovetska 
(12) have shoira an increase m dehydroascorbic acid in liver, adrenals, and 
pitiutarj m shock, with a concomitant decrease in ascorbic acid, thus showing 
that this enzyme system is impaired In a few expenments here, we have 
noticed a decrease in ascorbic acid sumlar to that reported by Voronoy and 
Lipovetska These m\ estigations are being earned further, as well as inv estiga 
tions of other enzyme systems and the effect of added substrates and adjmants 
for phosphorylation 

Since p 3 nivate is an mtermediate metabohte for practically all normal cells 
it can be seen that the specific enzyme required for its metabolism is essential 
for the normal functiomng of those cells Although a destruction of this enzyme 
alone might therefore account for manj of the widespread and disastrous results 
occurring m shock other essential enzyme systems are also probably damaged 
Since, in this system which becomes damaged in shock, the adraimstration of an 
essential part of the specific coenssyme proxes beneficial, it is possible that m 
other reversibly damaged systems the administration of the appropriate coen* 
zyme would prove equally effective 

We wash to point out agam that not all of the dogs which we have treated 
with thiamm recover (2) This could hardly be expected, smee manj of the 
dogs have been bled approximately half of their blood volume, and none of the 
dogs have been given fluid to replace the blood remox ed It stands to reason, 
howexer, that if thiamm can produce beneficial results under such adverse condi- 
tions, it should be of verj much more benefit when combmed xvath measures 
designed to mechamcally improve the circulation, such as the administration of 
blood substitutes 

SUMMARY 

1 The cocarboxylase content of tissues of normal dogs, dogs m xvhieh shock 
has been mduced by hemorrhage, and m animals m anoxic anoxia has been 
inxestigated 

2 In shock and m anoxic anoxia a dephosphorylation of cocarboxylase occurs 

3 In dogs subjected to hemorrhage thiamm therapy results in a resynthesis 
of cocarboxylase 
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THE EFFECT OF ENMRONMENTAL TEMPERATURE ON THE 
TOXICITY OF 2,4-DINITROPHENOL IN MICE' 

GERALDINE J. FUHRMAN, FRANK W. ITOYMOUTH and JOHN FIELD 2d 
Department of Physiology ^ Stanford University 

Received for publication July 16, 1943 

vSeveral investigators have reported that the toxicity of 2,4-dinitrophenol 
(DNP) in raamniak and birds is decreased at lowered environmental tempera- 
tures (I, 2, 3), In particular, Tainter (3) has shovTi that this is true for the rat 
and pigeon. Although this obser^’^ation has been of therapeutic value (4) it has 
remained qualitative in nature because there has been no statistical evaluation 
of the actual change of toxicity of dinitrophenol vith decrease in environmental 
temperature. The investigation reported here was undertaken to determine 
the median lethal dose (LDw>) of DNP in mice at 25° and at 6°C., and to show 
the effect of a high environmental temperature (40°) on the toxicity of the drug. 

Methods. Sodium dinitrophenoxide (Eastman No. 2077) was dissolved in 
buffered Ringer’s solution (pH 7.3) and injected subcutaneously. The concen- 
tration was varied so that the volume of solution administered remained fairly 
constant (0.2 to 0.4 ml. per animal). Mice were injected at room temperature, 
then placed at once in an air thermostat at the experimental temperature. 
Control animals were placed in the thermostat at the same time. Obser\»ations 
were limited to a two-hour period but animals sun’’mng this period also sundved 
the whole period of the investigation. 

Observations were made at three environmental temperatures, 6°, 25° and 
40°C., constant to d= 1°C. Graded doses of DNP were administered at each 
temperature. Each dose was tested on ten adult albino mice. The total num- 
ber of mice injected was ninety-five (see table 1). Groups of ten uninjected 
mice served as controls at 6° and at 40°C. 

Results and discussion. Median lethal doses were calculated by the 
method of Bliss (5, 6) using the tables of Fisher and Yates (7). The results are 
presented in table 1, where environmental temperatures, doses of DNP and per 
cent morfalitj'^ with each dose are given. 

Calculated values of the LDso in mgm. per kgm. of body weight in terms of 
sodium dinitrophenoxide (with one molecule of water of crystallisation) were 
43.41 and 37.55 at 6° and 25°C. respectively. In terms of 2,4-dmitrophenoI, 
the corresponding values were 35.7 and 30.9. The difference between these 
values is significant (P is less than 0.001). 

lYhile sufficient animals were not available to determine the LDso at an en- 
vironmental temperature of 40°C., it is clear from inspection of table 1 that this 
, dose lies below 10 mgm. sodium dinitrophenoxide (8.22 mgm. DNP) per kgm. 
bod}'' weight. Any such dose is significantly lower than the LDbo at 25°C. 

1 Supported by grants from the John and Mar}' R. Markle Foundation and from the 
Fluid Research Fund of Stanford University School of Medicine. 
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The cau<?e of death has not been estabhshed in these experiments but some 
speculation appears i\arranted by the data presented here and in earher htera 
ture Tainter and Cutting (8) pointed out that there are three possible causes 
of death from dmitrophenol in acute expenments on homeotherms at room 
temperature With large intrai enous doses (30 or more mgm per kgm ) there 
IS direct cardiac depression with rapid fall in arterial pressure With lower 
doses there was usually progressive and marked increase in bodj temperature 
until death ensued from hjperthermia The complete sjndrome has been 
desenbed by Hall and his associates (9) Alternatively, failure of the circulation 
and of respiration might occur before se\ ere hyperthermia de\ eloped In the 
present study control mice kept at an en\ ironmental temperature of G®C de 
veloped progressi\e hypothermia although they suni\ed the two hour exposure 


TABI E 1 


KKV TTUr 

HO ANIUALS 

rosz 

MOZTALTTY 

•c 


/kpn • 

ptr eenl 

6 

10 

40 

30 


10 

44 

50 


10 

4S 

80 

LD,o 

43 41 


25 

10 

34 1 

0 


10 

36 

20 


10 

38 

60 


10 

40 

90 


37 55 


40 ! 

5 

30 

100 


5 

20 

100 

i 

10 

10 

100 

1 

5 

0 

0 


• Sodium dinitrophenoxide 


period At this temperature the body temperature changes m the experimental 
animals depended on the dosage of dimtrophenol Mice gi\ en 20 mgm per kgm 
became hypothermic but their body temperature remained above that of the 
controls Metabohe measurements have shoivn that their oxj gen consumption 
was also abo\e the control level (unpublished work of Turner and Cad>, cf 
also Hall, Cnsmon and Chamberlin 10 Hall and Chamberhn, 11, and Fuhrman 
and Field (12, 13) At a dosage le\ el of 30 mgm per kgm with an em ironmental 
temperature of 6®C , bodj temperature fell a little more rapidly in the experi 
mental than m the control ammals, indicating that in this dosage and at this 
temperature the drug interfered somewhat wath the cold defense mechamsms 
Mice receiving 50 mgm per kgm at 6® (ten ammals) became hypothermic much 
more rapidlj than the controls and died with body temperatures as low as 21® 
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or 22®C. There were no survivors at this dosage. However, hypothermia was 
not the cause of death because untreated mice survived still lower levels of body 
temperature. The failure of effective cold defense reactions in mice receiving 
large doses of DNP at low environmental temperature might have been a caus^ 
or an effect of circulatory failure similar to that described by Tainter and Cut- 
ting (8). 

It is suggested that in the mouse at an environmental temperature of 25®C. 
the LDso dose of DNP produces an augmentation of metabolism which over- 
whelms the heat loss mechanisms and results in death from hyperthermia. 
When this sequence of events is prevented by sufficient facilitation of heat loss, 
a condition which obtains at an environmental temperature of 6®C., a somewhat 
higher dose of the drug is required to kill by a different action, i.e., depression of 
the circulation. Further work is planned to claiifj'’ this picture. 

SUMMARY 

1. It is shown that the toxicit 3 ’' of 2,4-dinitrophenol in the adult albino mouse 
is lowered by decrease and raised by increase of environmental temperature 
between 6® and 40® C. 

2. Calculated values of the LDw for DNP in mgm. per kgm. were 35.7 and 
30.9 at 6° and 25° respectively. The difference between these values is sig- 
nificant. 

3. The LDso at 40°C. was not determined. However, it is shown that it lies 
below 8.22 mgm. DNP per kgm. and is significantly lower than the 25°C. value. 
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ANESTHESIA 

IX THE ANESTHETIC ACTION OF ISOPROPENYL VINYL ETHER* 

JOHN C KRANTZ, JR , C JELLEFF CARR, AMOS G HORNEY* AND WILLIAM 
E EVANS, JR 

Department of Pharmacology, School of Medicine, Unttersity of Maryland, Baltimore, Md 


In a former communicatjon (1) the authors reported studies on the anestJietic 
properties of cyclopropyl \ myl ether (cj prethylene ether) This compound ap 
peared to be an excellent anesthetic and in a limited number of cases proved 
mentorious as an anesthetic m man Difficulties encountered m the sjmthesis 
of this compound, at present at least, preclude the posbibihty of its extensne 
clinical uce Continuing our studies of similar ethers as anesthetic agents, our 
attention was directed to an isomer of cyprethylene ether, namely, isopropenyl 
vinyl ether The relationship of this compound to cj prethj lene ether is apparent 
from the following formulas 



H 


C—O— c==c 


H H H 


H H 

C=C— 0— C=(!? 


II II 

H CHs H H 


Cyprethylene Ether Isopropenyl Vinyl Ether 

Propethylene Ether 


Propethylene ether in'voh es no great difficulties in its synthesis and has physi- 
cal properties admirably suited for a volatile anesthetic It is a \ olatile, colorless 
Uquid with a characteristic ethereal odor, the boihng pomt is 55*C and the 
specific gravity 0 786 at 20®C 

Anc5/Aesia xn the monkey Five large Rhesus monkeys ivere each anesthetized 
twice \Mth propethylene ether The technic is described m detail in our former 
studies (2) The induction period nas of short duration, frequently the animals 
passed into the first plane of surgical anesthesia without appreciable struggle 
Sahiation was not marked and the bronchial tree remained quite free from mucus 
throughout the anesthesia Surgical anesthesia was uneventful, breathing was 
stertorous, deep and regular Relaxation of the musculature of the abdomen 
and extremities was good under surgical anesthesia Only an occasional animal 
exhibited incoordinated leg mov ements during anesthesia These occurred near 
respiratory collapse and w ere due perhaps to hypoxia Recovery from ancsthe 
sias of 30 minutes duration was very prompt, i esembling the rapidity of recov ery 
from divinyl oxide anesthesia There was little excitation during the recovery 
penod The quantities of propethylene ether employed were approximately 
one third the amounts of ethyl ether required for similar anesthetic symdroraea 

‘The exjiense of this investigation was defrayed m part by a grant from the 
Ohio Chemical and Manufacturing Company of Cleveland, Ohio 

* Chief Chemist Ohio Chemical and Manufacturing Co 
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Anesthetic index (dog). The dogs employed were fed a diet of “Purina Chow” 
one week prior to the experiment and fasted 12 hours immediately before anesthe- 
tizing. At least 2 day inter^^als elapsed between anesthesias in the same animal. 
The procedure employed was identical with that used in the cyprome ether 
studies (2). The number of cubic centimeters of .the anesthetic agent per kilo- 
gram required to produce surgical anesthesia was divided into the volume per 
kilogram required to produce respiratory arrest The quotient was designated 
as the anesthetic index. The results are summarized in table 1. 

In our former studies (3) for comparative purposes, experiments were con- 
ducted with ethyl ether, cyprome ether, divinyl oxide and chloroform using the 
same technic. Considering the difference in density, the potency of propethylene 
ether approaches that of chloroform. The difference between the average induc- 
tion dose and the average dose producing respiratory arrest for ethyl ether is 1 cc, 
per kgm.; for propethylene ether, it is 1.26 cc. per kgm. 


TABLE 1 
Anesthetic index 


DOC KO. 

SEX 

WEicirr 

INDtJCnON 

KESWSATORV 

EAittraE 

anesthetic 1NI1£X 

1 



cc. /£(• 

cc,/ie. 


1 

F 

9.5 

0.53 

2.11 

3.98 

2 

F 

9.8 

0.36 

1.18 

3.28 

3 

M 

7.8 

0.38 

1.67 

4.39 

4 

M 

8.0 1 

0.44 


3.41 

5 

F 

10.0 

0.35 

1 1.35 

3.86 

6 

F 


! 0.35 

1.55 

4.43 

7 

M 


1 0.42 

1 2.25 

5.36 

8 

M 


0.31 

1.48 

4.78 

9 

M 


0.34 

1.85 

5.44 

10 

F 

11.2 

0,27 

1.47 

5.46 

Mean 

0.3S 

1.64 

4.32 


Blood pressure shtdics (dog). The effect of propethylene ether on the blood 
pressure was determined by cannulating the femoral artery under procaine hydro- 
chloride anesthesia and preparing the animal for a blood pressure tracing in the 
usual manner. The respiratory t racings were made by means of a chest tambour. 
After obtaining a normal tracing, propethylene ether was administered by the 
same procedure employed to measure the anesthetic index. In the 2 experiments 
conducted respiratory failure occurred before cardiac stoppage. The blood 
pressure was depressed slightly at the plane of surgical anesthesia and deeply at 
the point of threatened collapse. Another animal was treated in the same man- 
ner but the amount of anestlietic was reduced so as to produce the various planes 
of anesthesia. Portions of this tracing are shown in chart 1. 

Blcctrocardiograp/iic studies (man keg and dog). Three Rhesus monkeys were 
anesthetized to the surgical plane with propethylene ether for 15, 30 and 70 
minutes respectively and cardioscoped during anesthesias. 
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Fne dogs Mere anesthetized for 30 minutes and permanent tracings of their 
E C G made Under propethj lene etlier anestliesi i m the dog and monke> 
there appealed no significant difference m the form oi regiiUntv of the EGG 
The rate uas general^ increa'-ed The R spike, as a rule, Mas shghth decreased 
m amplitude The T Ma\ c Mas flattened frequcntlj in Lead II and occasional^ 
m\erted There Mere no eKtravcntricuhr s^ stoles obseived A Upical tiacing 
Lead II is shoMn m chart 2 of the monkc^ before and under anesthesia 
Effect on the perfused heart (frog) Propeth> lene ether M as dissoh ed m Hom ell 
Ringer’s solution and perfused through the fi og’s heart m situ Se\ oral dilutions 



Chart 1 Biood Prfssurl of Doo ovder Propeth'llve Ether A^EST1IESIA 
The upper tracing is respiration (1) no anesthesia (S) is tl e induction period (5) surgical 
anesthesia after 16 minutes (4) surgical anesthesia after 30 minutes (5) surgical anesthesia 
after 55 minutes (fi) threatened respiratory collapse 


Mere emplojed to determine the threshold concentration required to produce 
demonstrable effects uithm one minute This concentration m most instance’^ 
Mas 0 007 molar or about CO mg per cent more than double the concentration 
found m dog’s blood undei surgical anesthesia A pical tracing from one of 7 
animals is shorni m chart 3 

Luer function tests (monkey) Thiee monke^ s m ere subjectetl to the biomsul 
falein liver function test as set forth in oui studies Mith cv prethj lene ether (I) 
The dje cxcietion penod Mas 30 minutes Tnenlv four liours after 30 and 70 
minute anesthesias m ith propethj lene ether, the dv e e\creted m as not significantl 3 
different from the preanesthetic rate 
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Blood chemistry ^studies {dog). Three dogs were anesthetized to the surgical 
plane and then given more of the anesthetic until respirator}^ arrest occurred 
according to the anesthetic index technic. Prior to anesthesia and 24 hours later 
blood samples ^Yere drawn for analysis. No significant changes in carbon dioxide- 
combining power or urea nitrogen were observed. 

Delayed ancsthclic deaths (rat). Fifteen male adult rats were anesthetized with 
propeth 3 dene ether to the surgical plane and maintained in this state for 30 min- 



NORMAL ANESTHESIA 

Chart 2, Elkctroc^rdiogravs, Normal and undkr Propethylene Ether Anesthesia 
FOR 30 Minutes (Monkey Lead II) 



12 3 4 5 

Chart 3. Effect of Propethylene Ether on the Frog's Heart 
1 , Howell-Ringer's solution, fast drum; 2 , same, slow drum; 3, Seven thousandths molar 
propythclene ether; 4, same after 8 minutes, 5, same, fast drum after 10 minutes, 

utes. Four animals were sacrificed at the end of 2 weeks and no significant 
findings were observed in the liver or kidneys. At the end of 3 weeks none of the 
remaining animals had died or appeared to be in an unhealthj’ condition. 

Concentration required for anesthesia (mouse). The concentration of propcthyl- 
ene ether required to induce anesthesia was determined by typical partial 
pressure experiments described previously (2). Tlie results are shown in table 2. 
With ethyl ether, in our previous studies, 4 per cent partial pressure produced no 
anesthesias and 5 per cent anesthetized 40 per cent of the animals. 
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Histological siudtes of viscera (rat, dog and monkey) Four of the rits used m 
the delayed anesthetic death studies uere sacnficed and their lungs, li\ er, spleen 
and kidnejs ^\ere found to be free from significant changes Five dogs \\ere 
anesthetized lightly ivith cyclopropane and hver biopsies performed The 
anesthetic ^^as changed to propethylene ether and maintained at one hour in 4 
cases and 3| hours m one amroal and second biopsies Mere performed There 
V, ere no significant pathological findings Tv\ o Rhesus monkc> s m ere subjected 
to the foregoing procedure as performed on the dogs The findings in these 2 
animals coincide Mith those described with the dog anesthesias 

Clotting time and hemolysis (monkey and dog) The clotting time of the blood 
Mas determined in 2 normal Rhesus monkeys by the capillary tube method The 
n\erage clotting time Mas one minute Within the error of the expenment this 
penod Mas neither diminished nor increased under surgical anesthesia Mith 
propethy lene ether 

Volumes of 10 cc of propethylene ether m \ ary mg concentrations m normal 
salt solution Mere maintained at 24® and 37°G respectn ely Concentrations of 
21, 42 and 84 mg per cent respecti\ely did not hemoKze red blood cells during 
the 5 hour period of obsen ation at either temperature A saturated solution of 


TABLE 2 

Induction concentration in mice 


FAITIAL TUSSVIE 

cc lire* 

mrusEK or lacc usco j 

PCX CCNT AlCCSTircillEO 

Per cent 

3 0 

0 13 

20 

35 

3 5 

0 15 

20 

80 

4 0 

0 17 

27 

100 


propethylene ether m normal salt solution produced complete hemolysis in 15 
minutes at 37® and in 2| hours at 24®C 
Preanesthetic medication (monkey and dog) In monkeys and dogs inducing 
propethylene ether anesthesia with nitrous oxide or cyclopropane oxygen mix 
tures Mas uneaentful Preanesthetic medication Math pentobarbital sodium or 
morphine atropme m as found to be compatible m ith propethylene ether anesthe 
sia Ten experiments m all Mere conducted 
Quantitatne determination in blood (dog) In acid solution propethylene ether 
decomposes according to the follouang equation 


H H 

I I 
c=c— O— C=C 4- HOH 

II II 

H CH, H H 


[H+1 


CHaCHO + (CH,)2C0 


Blood containing the anesthetic agent u as hemolyzed and hy droly zed inth acidi 
fied Mater This Mas distilled into neutral potassium peimanganate solution 
Mhich oxidized the acetic aldelu de but not the acetone The acetone m as dis 
tilled from the oxidizing agent and determined colonmetncally by the method of 
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Behre and Benedict (4). After one hour anesthesia the average concentration 
(4 experiments) was 24 mg. per cent. In one experiment at the end of 3^ hours 
anesthesia, the concentration was 27 mg. per cent, one-half hour, 1 hour, 2 hours, 
and 3 hours after recovery the blood concentrations were 16, 14, 9 and 7 mg. per 
cent respectively. 

Hydrolysis studies. Having shown that isopropenyl methyl ether (5) hydro- 
lyzed in blood and that propethylene ether underwent hydrolytic cleavage in acid 
solution, it was necessary to determine the fate of this agent in the blood. Pro- 
pethylene ether failed to decompose by vigorous agitation with phosphatebuffer 
pH 7 .4 at 25®C. In 4 experiments in the dog after one hour’s anesthesia, the 
blood acetone was 3.7 mg. per cent average: the norm was 0.7 mg. per cent aver- 
age. In one experiment this was confirmed in the monkey’s blood. In one 
experiment after 3 hour’s anesthesia the blood acetone was 8 mg. per cent and 2 
hours after recovery 6 mg. per cent. 

Apparently, the molecule of propethylene ether is quite refractory to hydrolysis 
by the metabolic reactions in the dog, but small quantities are decomposed. 

Physical properties. Soluhiliiy in water. Four cc. of propethylene ether were 
mechanically agitated Avith 100 cc. of water for 3 hours at 25°C. in a ‘‘Cassia 
Flask.” The two liquids were allowed to separate for 12 hours and the volume 
of supernatant ether measured. The solubility was found to be 0.4 cc. per 100 
cc. of water. 

Inflammahilily range. Mixtures of propethylene ether vapor and oxygen were 
prepared at 25*^0. and at atmospheric pressure in an explosion pipette, The 
mixtures were exposed to the spark of an induction coil. Explosions occurred 
when the concentration of propethylene ether mixed wdth oxygen Avas 2.0 per 
cent. 

V apor pressure. The vapor pressure of propethylene ether at 25®C. determined 
in a nitrometer is 256 mm., that of ethyl ether at the same temperature is 532 
mm. (6). 


SUMMARY AND CONCLUSIONS 

1. Isopropenyl vinyl ether (propethylene ether) isomeric AA’ith cyclopropyl 
vinyl ether is a volatile liquid exhibiting anesthetic properties Avhen administered 
by inhalation to various species of animals. 

2. Propethylene ether exhibits an anesthetic potency which approximates 
chloroform and an anesthetic index more than twice that of ethyl ether. 

3. In the monkey, propethylene ether produces no functional liver damage as 
shown by the bromsulfalein test. In these experiments in the rat, dog and mon- 
key anesthesias propethylene ether produced no significant histopathological 
changes in certain Auscera. 

4. The monkey’s heart showed no significant electrocardiographic changes 

under anesthesia Arith propethylene ether. ^ ^ 

5. The anesthetic conentration in the blood under surgical anesthesia is 
approximately one-fifth that of ethyl ether. 

6. The blood pressure of the dog is loAvered by anesthetic concentrations of 

propethylene ether. 
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7. The explosive range of concentrations of propethylene ether and ethyl ether 
with air appears to be about the same. 

8. This first approximation of the pharmacology of propethylene ether, in our 
opinion, warrants its careful and judicious trial in man b}' skilled anesthetists. 
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ADDENDUM 

The experiments having been completed, we deemed that the properties of 
propethylene ether warranted its trial as an anesthetic in man. On June 30, 
1943, at 11.30 A.M. one of us (J. C. K., Jr.) administered propethylene ether to 
an anesthetist, Constance Black, by the open drop method. The induction 
period was about CO seconds. The light anesthesia was continued for 2 minutes. 
The recovery was rapid and uneventful. The subject stated that the vapors did 
not irritate the upper respiratory tract. 




PHARMACOLOGICAL STUDIES ON d^^-PHENYL-n-PROPYLMETHYL- 
AMINE, A VOLATILE AMINE*. > 
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Departmtnt of Pharmacology, Research Laboratories of The H'm. S. Merrell Company, Cin- 
cinnati, Ohio 

Received for publication January 8, 1943 

In an attempt to find a volatile amine ^vith good vasoconstrictor action, a 
minimum degree of central stimulatory effect, and relatively low toxicity, a 
series of compounds which were variations of aryl-ethyl-, aryl-propyl-, or aryl- 
butylamine structures were s^mthesized. All the compounds (unless otherwise 
designated, as the hydrochlorides) tvere tested in a preliminary manner for pressor 
effect and toxicity followng intravenous administration. 

Some of the more interesting compounds studied, along mth certain of their 
properties, are listed in'table 1. Included in this list for purposes of comparison 
are amphetamine and Z-ephedrine. It will be noted that this series includes 
primary, secondary, and tertiary amines. Of this group dZ-^-phenyl-n-propyl- 
methylamine appeared to be the most promising "vrith respect to pressor action 
and toxicity, and it was subjected to a more detailed pharmacological and 
toxicological study, 

Creuical and physical properties. dL^-Phenyl-n-propylmethylamine is a secondary 
amine with the following structural formula: 


CH=CH H H H 

/ \ I 1 / 

no c— c— c— N 

\ 1 r \ 

CK—CR CH, K CUi 


It IB a colorless liquid having a characteristic odor, a molecular weight of 149.1, and a 
boiling point of 21I®C. On exposure to air it forms a carbonate from which the amine 
readily volatilires. dl-^-Phcnyl-n-propylmethylamine exerts I mm. of vapor pressure at 
SS’C. It is miscible with organic solvents such as ether, benzene, chloroform, alcohol, and 
acetone; readily soluble in mineral oil and fatty oils, and dissolves in water to give a 1.2% 
solution at 25®C, 

dZ-^-Phenyl-n-propylmethyl amine forms salts readily with mineral acids, a characteristic 
property of amines. The hydrochloride is a white crj'stalline solid with a melting point of 
144®C. It is very soluble in water and alcohol; slightly soluble in acetone and insoluble in 
benzene, chloroform and ether. The molecular weight of the hydrochloride is 185.71. It 
is a stable compound and does not decompose on storage under ordinary conditions of 
exposure. 


Resui/ts op experimental studies. The pharmacologic and toxic effects of 
<?Z-^-phenyl-n-propylmethyIamine have been studied and compared with those of 

*df-i3-Phenyl-n-propylmethyl amine {“Vonedrin” brand) produced by The Wm. S. Mcr- 
rell Company, 

* Presented in part before the American Society for Pharmacology and Experimental 
Therapeutics, Inc., Boston Meeting, April, 1942 (Federation Proceedings, 1: 143, 1942). 
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Z-ephedrine, a secondaty amine, and d/-j5-phenyIisopropyIamine or amphetamine, 
a primary amine. The latter compound is also a volatile amine. Unless other- 
\vise stated all dosages were calculated as mgm. of hydrochloride per kgm. 
body weight. 

Acute toxic effects of d/-/?-phenyI-7i-propyImethylamine and effects following 
prolonged administration of large doses were studied in the rabbit follo^ving oral 
and intravenous administration. Injections were made into the marginal ear 
vein at a rate of 50 mgm. per minute, and oral administration was by stomach 
tube. 

The toxic manifestations produced by cff“/?-phenyl-n-propyImethylamine were 
similar to those elicited by Z-ephedrine or amphetamine. Lethal or sligh% less 
than lethal doses whether intravenous or per os, produced characteristic symp- 
toms which included tremors and/or slight convulsions accompanied by an 
increase in the pulse and respiratory rate. Recovery was rapid following sub- 
lethal doses while larger doses resulted in death due to respiratory and cardiac 
failure follouingshortb’’ after the convulsions. 

TABLE 2 

Acute intravenous toxicity — ralibiis 


DOSE (UGU./KGU.) 



50 

55 

60 

65 

70 

" 1 

No. of animals dead 

B 

0 

1 

6 

2 

B 

No. of animals injected 

B 

12 

12 

12 

12 

m 


The results presented in table 2 indicate that the L.D.so of dZ-j3-phenyl-7z- 
propylmethylaraine following intravenous administration to rabbits is 65 mgm. 
By the same procedure the L.D.so of Z-ephedrine w^as found to be 65-70 mgm. and 
that of amphetamine 15-20 mgm. The acute intravenous toxicit}’’ of Z-ephedrine 
and cZZ-/ 3 -phenyl-n-propylmeth 3 damine is, therefore, approximately'” the same, 
whereas amphetamine is at least twice as toxic as either of these compounds. 
Large doses of dZ-Zl-phenyd-n-propylmethjdamine are tolerated orally, 500 mgm. 
killing only one out of six rabbits. 

The effect of prolonged administration of large amounts of dZ-)9-phenyI-n- 
propylmethylamine was also studied in rabbits. The animals w^ere divided into 
the following groups: controls, a group receiving the compound in a daily dose of 
25 mgm. administered intravenously, and another receiving a daily dose orally of 
100 mgm. All of the dosages in these tests w^ere calculated on the weight of the 
animals at the beginning of the test. The compound w^as administered daily for a 
period of four weeks and w'eights W’ere recorded at weekly intervals. Most of the 
animals in the various groups showed increases in weight throughout the test 
period. Gross and microscopical examination of the tissue revealed no patho- 
logical changes which could be attributed to the compound. 

Effect on the circulatory system. dZ-iS-Phenyl-n-propylmethjdamine has a very 
definite effect on the cardiovascular system. Qualitatively this resembles that of 
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?-ephedrine and amphetamine. In the decerebrated dog, 1 mgm. of the com- 
pound produces an increase in blood pressure which is equivalent to that elicited 
by epinephrine in a dose of 0.001G5 mgm. (fig. 1). , This increase in blood pressure 
is quantitatively similar to that produced by either f-cpheclrine or amphetamine 
in a dose of 1 mgm. Along uifh tlie increase in blood pressure d/-/9-phenyl-n- 
propj’lmethylamine produces a decrease in the pulse rate. Since tlie decrease is 
prevented by the administration of atropine sulfate it appears to be of central 
origin. 

In the dog anesthetized uith morpliinc sulfate followed by chlorobutanol d/- 
/3-phenyI-n-propyImethyIamine increased the amplitude of the cardiac contrac- 
tions as determined by direct cardiac tracings. Results of experiments designed 
to determine the site of action indicate that the compound stimulates the heart 
both through the stellate ganglia and the peripheral ner\’c endings. 


tfftxi of 
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Fia. 1 . Blood pREssune jn Pithed Docs 

The pressor effect of dt -3-phcnyl-n -propyl methy lam me, 1 mem , compared with that 
elicited by epinephrine. 

In the peripheral circulation d/-^-phenyl'n-propylmefhylamine produces a 
definite vasoconstriction. This was tested in dogs using Jackson’s nasal plethys- 
mograph (fig, 2) and in man by means of the improved Glatzel mirror as de- 
scribed hy Lieb and Mulinos (1). In the experiments on man tests were made 
follo^riug the inhalation of vapors of the free amine. Similar studies were 
carried out vith amphetamine and the results of these comparative studies 
indicate that the two compounds produce approximately the same degree of 
peripheral va.soconstriction follouang either local or parenteral administration. 

Sjffcc/ on respiration. d/-/J-Phcnyl-«-propyImethyIamine lias a definite effect on 
the respirators^ rate of normal imanesthetized dogs as well as in those anesthetized 
by the intravenous administration of sodium pentothal. In the former caJ5e the 
intravenous administration of 1 mgm of the amine produced a definite increa‘;e in 
the rate. In the latter experiments the administration of the compound in a dose 
of cither 1 or 5 mgm. elicited a definite decrease in the respiraforj' rate, a slight 
increase in the excursions but practically no change in the oxygen consumption. 
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Aside from the effect on the respirator}^ rate and amplitude c?Z-; 5 *phenyhn- 
propylmethylamine also affects the bronchioles. Experiments wem carried out 
on pithed dogs- using Jackson^s chest plethysmograph. Following broncho- 
constriction produced by arecoline hydrobromide, d^-^-phenyl-n-propylmefhj^I- 
amine in a dose of 5 mgm. produced a bronchodilatation (fig. 3). In a dose of 1 
mgm., a similar but weaker effect was noted, less than that elicited by a similar 
amount of /-ephedrine. 

JSffccis o?i the gastro'intestinal tract. The effect of dZ-^g-phenyl-n-propylmethyl- 
amine on the intestine was determined in some studies using isolated intestinal 
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Fig. 2 Fig. 3 

Fig. 2. Vasoconstrictor Action in Dogs 

Simultaneous tracings of the pressor and vasoconstrictor effect of df-^-phcnyl-w-propyl- 
mctiiylamine, 1 mgm. Upper tracing is a recording of the nasal volume. A drop in the re- 
cording lever indicates an increase in nasal volume and an index of the degree of vaso- 
constriction. 

Fig. 3. Bronchial Action in Pithed Dogs 
Bronchial dilatation produced by d/-/3-phenyI-»-propylmethylainine. 1 mgm.,follondng 
bronchial constriction elicited by arecoline hydrobromidc, 1 mgm. {total dose). 


strips. In a concentration of 1:5,000 both this compound and amphetamine 
produced a decrease in the tonus of the muscle, the action being slightly greater 
with amphetamine. Against acetylcholine or barium chloride-induced spasms 
the two compounds in 1 : 5,000 concentration produced a relaxation of similar 
intensity. 

Some studies w'ere also carried out on the intestine in situ in dogs either anes- 
thetized with sodium pentobarbital or pithed. A balloon w^as inserted into the 
intestine and the movements recorded by means of a waiter manometer. Here 
again both amphetamine and rff- 0 -phenyhn-propyImethyIamine produced a 
relaxation of similar intensity. 

Eifcrt on the iderus. In these studies, the isolated uterus of both guinea pigs 
and rabbits was employed. Either amphetamine or dM-phenyl-n-propylmethyl- 
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amine in a concentration of 1 5 000 produced a \ erv definite spasm of the uterine 
mu'^cle There appeared to be \ er> little difference in the degree of action of the 
tno compounds 

Effect on the pupil Tlie mj dnatic action of dl /8 phenyl n propjlmethjlamine 
following local application has been studied m rabbits A 1% solution of the 
compound was instilled into the conjunctival sac and allowed to remain there for 
one minute At the end of this period the e\ce'?s solution w as expressed Dila 
tation of the pupil appeared in about 20 miniitcs and reached its maximum at the 
end of about 30 minutes The light reflex was still present In some control 
experiments amphetamine in a 1% solution was applied in the same manner and 
was found to produce a greater degree of mjdnasis than dl ^ phenjl n propvl 
methylamme 

Central sttmulahon The central stimulant effect of this amine w as determined 
and compared with that produced bj amphetamine and I ephedrine The 
central stimulation w as tested b} measuring the total activ itj of w lute rats, using 
the method described bj Schulte et al (2) All the compounds under test were 
admimstered orallj m a dose of 50 mgm , and the results of these studies are 
presented m figure 4 These re<?ults include 12 animals for each compound, and 
200 rats for the control v allies In figure 4 the abscissa giv es the time in hours, 
the ordinate the a\ erage number of rev olutions per hour It will be noted that 
amphetamine produced a very marked stimulation and reached its height in 
about 3 hours I Ephedrme also produced a marked degree of stimulation al 
though not *!o great as that elicited bj amphetamine dl ^ Phenj I n propv 1 
methylamme produced no stimulation at this dosage level Tollowang subcu 
taneous administration of 25 mgm also dl 0 phenj 1 « propj 1 methylamme 
failed to reveal anj central stunuhnt action 

Discussion In their classical studies on the relationship of chemical structure 
to sjmpathomimetic action, Barger and Dale (3) concluded that the optimum 
constitution consisted of a benzene nng wath a side chain of two carbon atoms of 
w hich the second bears the amine group Later w ork brought forth new cv idence 
which necessitated the revision of this conclusion This work indicated that 
compounds with an isopropjl side cham ma} po=:sess phj siological actions v\hich 
are greater than those of substances with onl} two carbon atoms A t 3 pica! 
example of this tjpe of compound is I ephedrme 

- Hartung and Munch (4) carried out some mv estigations to determine whether 
maximum activity could be obtained when the arjl and ammo groups v\ere 
separated by two aliphatic carbon atoms In tbeir studies thej compared the 
actmtj of four isomenc phenj Ipropv lanunes and their results indicated that 
Barger and Dale were substantially correct m their assertion that compounds 
should contam at least a 0 phenj lethy lamine skeleton if a rise m blood pressure is 
to be produced If this elementary structure is changed either by moving the 
ammo group farther away from the phenyl or by mov mg it closer, the degree of 
physiological effect is greativ decreased Hartung and Munch have also noted 
that the substitution of a methy 1 group on eithei the « or carbons conferred 
oral activity on the compound 
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Recently Proetz (6) reported the action of 2-amino-beptane sulfate as a nasal 
constnctor. This substance is of interest since unlike other constrictors it is an 
aliphatic compound. Chen and Swanson (6) have investigated its pharmaco- 
logical properties. The activity of 2-ammo-heptane sulfate in cats is about 
twice that of ephedrine and folloning intravenous administration to mice it is 
approximately three times as toxic. According to these investigators it is es- 



FiG. 4. COMPABATIVE CENTRAL SttMTJLANT ActION OP d/-j3-PHENYL-7l-PROPyL' 
METaTL.\MINE, ^-EpHEDRINB, AND rfi-^-PHENYUSOPROPyLAMINE 


eential for the amino group to be attached to the second carbon in the chain to 
obtain a pronounced pressor effect. 

The compounds in the present series may be considered as having the phenyl- 
ethylamine skeleton. Table 1, compound no. 1, d/-^-phenyl-n-propy]amine and 
no. 2, dl-/ 3 -phenyI- 2 Co-propylamine, are two of the series reported on by Hartung 
and Munch. The pressor action of these compounds is the same; however, plac- 
ing the methyl group on the /S carbon considerably decreases the toxicity. 
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Compound no 8, dl 0 phenyl n butylamme, retains the two carbon skeleton, 
and has an eth> 1 group on the carbon With this increase of one carbon on the 
side chain the pressor action is defimtelj reduced dl /9 Phenyl /? methyl zso 
propylamine has a methji group on both the oc and jS carbon atoms and tlus 
addition of a side cham reduces the pressor action Compounds no 4 and no 5 
have a methyl group on the a carbon and an ethyl and iso propyl grouping 
respectively on the d carbon From the table it will be noted that with the 
increase m the side cham on the /S carbon the pressor action is progressively 
decreased If the a carbon contains tw o methj 1 groups as m /9 phenj Itertiarv 
butylamme, compound no 9, the ongmal pressor action is retained and equal to 
that ehcited by compounds no 1 and no 2 The toxicitj is approximatelj the 
same as that of compound no 2 These results agree fav orablj with those ob 
tamed by Hartimg and Munch, since the addition of a methyl group to either the 
a or the /3 carbon did not reduce the pressor action Furthermore, these results 
indicate that a side cham on both the a and the carbon diminishes the pre'^sor 
action This decrease is more marked os the length of the side cham is increased 
Tuinter (7) obsen ed that /3 2 thienj Icthj lamine has about the same pressor 
action in cats as 0 phenj lethylamme Bum studied the pressor effect o( 0 2 
thienylethylamme synthesized by Barger and Easson (8) and compared this with 
that ehcited bj 0 phenj lethj lamme and found that the results agreed both 
quantitatively and qualitatively More recently Alles et al (9) noted the simi 
lanty m the pressor action of dl 0 phenyl tso propylamine and its thieny I ana 
logues These last tw o compounds are included in the present senes, compounds 

no 2 and no 6 The pressor action was the same m both instances, but the 
toxicity of the phenyl denvative was somewhat greater than that of the thienyl 
denvative This same relation exists between compounds no 3 and no 7 
The compounds discussed thus far are pnmaiy amines with the skeleton struc 
ture of ethylamme, tlvat is, with two carbons between the aryl and ammo group 
The results obtained with these compounds agree with or support the findings of 
Hartung and Munch, Tainter, Burn and Alles and his co workers 
Various investigators have shown that pnmary amines have a greater pressor 
action than the corresponding secondary amines Chen et al (10) demonstrated 
that phenyl ethanolamme has a greater pressor action than its corresponding 
methylated secondary amine, and that as the number of carbon atoms on the 
ammo group is increased the pressor action is further reduced This reduction m 
pressor action is also apparent when a secondary amine is converted to its cor 
responding tertiary amine In the present senes compound no 13 is the second 
ary amme of phony lethylamme This compound has a raimmum pressor 
effect, much less than is ehcited by the corresponding primary amine Hovrever, 
a number of compounds in this senes did not exhibit this decrease m pressor ac- 
tion following the conversion of a pnmary to a secondary amine Compound 
no 10, the secondary amine of compound no 1, exhibits the same pressor action as 
the latter although the toxicity is markedly decreased The same relation 
exists between the majority of the other compounds listed For example com 
pound no 12, the corresponding secondary amine of compound no 8, again re- 
tams the pressor action but the toxicity is decreased It v\ ould appear, there 
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fore^ that the type of compound having the skeleton of phenyl ethylaznine n’iih a 
side chain on the p carbon other than an OH group when converted to a methy- 
lated secondary amine does not have its pressor action decreased but does have 
the toxicity reduced. This type of compound, therefore, differs in this respect 
from phenylethylene or from /3-phenyl ethanolamine. If the number of carbon 
atoms on the amino group is increased beyond the methyl group, or, if this type 
of compound is converted from a secondary to a tertiary amine, there is a very 
definite reduction in the pressor action. For example compound no. 12, the 
secondary amine of compound no. 8, did not lose any of its pressor action. How- 
ever, when this was converted to a tertiary amine, compound no. 17, the pressor 
action was entirely lost and the compound actually exerted a depressor effect. 

d^/3-Phenyl-n-prop3dmethylamine was selected from this series for more 
complete study for several reasons. This compound exerted as great a pressor 
action as amphetamine and yet was the least toxic of any of the substances 
eliciting the maximum pressor effect. Furthermore, this compound also had a 
minimum central stimulant effect. Besides possessing these desirable qualities, 
d^-iS-phenyl-n-propylmethjdamine is a volatile amine exerting 1 mm. vapor pres- 
sure at 65°C. 

^ The relation of the toxicity as well as the pressor effect of this compound to the 
■emical constitution has already been discussed. In regard to its cardiac effects 
should be added that this substance, like amphetamine or Z-ephedrine, has a 
achj^phylactic effect following repeated or serial injections. Meek (11), in some 
tudies on a series of compounds to be published later, studied the effect of dZ-jS- 
phenyl-n-propylmethylamine on the heart of normal dogs and on some anes- 
thetized vdth cjxlopropane. This compound was found to have little action as a 
cardiac excitant as measured hy its ability to produce extrasystoles or ventricular 
tachycardia. These results fit in very well with those obtained in this laboratory 
on normal unanesthetized dogs. 

(ZZ-i 3 -Phenyl-n-prop 3 dmethylamine definitely produces a bronchial dilatation of 
the same magnitude as that elicited by amphetamine. Since this effect is present 
in pithed animals it appears to be mainly a peripheral action. Alles and Prinz- 
metal (12) compared the bronchial actions of dZ-jS-phenjdisopropjdamine and 
j 5 -phenyleth 3 damine vdth their pressor effect and found that these two types of 
actions paralleled each other in these compounds. The results of the present 
study indicate that this parallelism also exists between cZZ-j9-phenyI-n-propyf- 
methylamine and dZ-/3-phenylisopropylamine. 

The decrease in the central stimulant action apparently is due to the change 
from an isopropylamine to a n-propylamine structure. It ^vill be recalled that 
Schulte et al. (2) found that the d-phenylisopropylamine structure gave the great- 
est central stimulant action. Any deviation from this type of structure was ac- 
companied by a marked decrease in the stimulant action. 

dZ-jS-Phenyl-n-prop3dmethylamme thus differs from amphetamine in that it is 
much less toxic than the latter and that it evokes a minimum, if any, central 
stimulant effect. Like amphetamine it is a volatile amine and exerts a similar 
pressor and vasoconstrictor action. Since d«-/3-phenyl-n-propylmethylamine is 
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relatively non toxic and elicits a minimum of central stimulation it may prove 
useful clinicallj in the treatment of vanous types of nasal congestion 

SUMMARY 

A senes of aryl ethyl , aryl propyl , and ar} 1 butylainines w ere synthesized 
and tested m a preliminary manner m an attempt to find a volatile amme which 
would po^ess a good vasoconstnctor action, elicit a minimum degree of central 
stimulation and possess relatively low toxicity Of this senes dl phenyl n 
propylmethylamme, a volatile amme, appeared the most promising in respect to 
toxicity and pressor action 

The toxicity of this compound is of the same order as Z-ephedrme and about 
one half that of amphetamine 

The effect on the cardiovascular system and on the bronchioles is very similar 
both quantitatively and qualitatively to that ehcited amphetamine This 
compound produces very little if any central stimulation m the experimental 
animal 

The relation of the pharmacological action of dl ^ phenyl n propylmethyl 
amme to its chemical structure has been discussed 

Results of studies on a senes of compounds mdicate that a compound havmg 
the skeleton of phenylethylamme wth a side cham on the carbon other than an 
OH group when converted to a methylated secondary amine does not have its 
pressor action decreased but does have the toxicity reduced 

The authors wish to express their appreciation to Dr M G Van Campen 
of The Wm S Merrell Company and Mr G J Van Zoeren of The Chemical 
Speciahties Company for the synthesis and the determination of the chemical 
and physical properties of many of the compounds tested 
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The reproduction of human intestinal diseases, such as typhoid fever and 
bacillaiy dysentery has not yet been adapted to work in experimental animals. 
Experimental investigation of the chemotherapeutic activity of the sulfonamides 
against these infections ivoufd he less chfficuft if ft were possible to reproduce the 
ntestinal symptoms of these diseases in laboratory animals. Experiments in 
atro cannot be compared i\*ith the conditions existing in tlie human intestinal 
;ract and therefore do not give a satisfactory basis for the evaluation of drug 
efficacy. 

Marshall, Bratton, \\Tiite and Litchfield (1) developed a method for evaluating 
ihe bactericidal activity of the sulfonamides by determining the effect of sulfa- 
pianidine on the normal intestinal (coliform) flora of the iaborator}" mouse, 
founts of coliform bacteria in fresh stool specimens of normal mice were made on 
iesoxycholate agar plates. This method represents an indirect means of de- 
ermining the density of these bacteria in the contents of the intestine. 

The compound sulfanitylguanidine ('^sulfaguanidine’^), which is fairly ivater- 
soluble, showed bactericidal effect, but only low absorption from the intestihal 
tract of animals. Other investigators (2) found a marked bacteriostatic action 
on the coliform organisms in both the animal and human intestinal tract after ad- 
ministration of succinyl sulfathiazole (^'sulfasuxidin^'^). Such observations 
stimulated investigation of the efficacy of other sulfonamide derivatives. Re- 
cently H. White (3) determined quantitatively the comparative activity in mice 
of various sulfonamide compounds, such as sulfapjuazine, sulfadiazine, sulfa- 
thiazole, sulfaguanidine, succinyl sulfatliiazole, etc. 

In human therapy, the results obtained ivith sulfaguarddine and succinyl sulfa- 
thiazole in the treatment of bacillary dysentery have been particularly encourag- 
ing (4-11). G. M. Lyon (9) recently stated; Chemotherapy has revolutionized 
the treatment of bacillary dysenteIy'^ However, the respective values of these 
two compounds in human therapy are not yet sufficiently clear. Judging from 
the literature, there is some disagreement concerning the relationship between 
their bactericidal effectiveness and there potential toxic effect. As to the other 
sulfonamide derivatives tested in normal mice, the ex^tent of their use in the 
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therapy of bacillary dj^sentery is as yet too small to permit an estimate of their 
value. After all, the need for a compound 'vvhich can be adnunistered to human 
beings in a dose great enough to produce the highest possible effect tn loco and yet 
be as slowly and slightly absorbed as possible from the intestine, makes further 
chemotherapeutic investigation necessary. 

Investigating a series of new compounds developed at the Dermatological 
Research Laboratories, Philadelphia, Division of Abbott Laboratories, North 
Chicago, 111 , v e found that product 3163 provided encoura^g data for further 
investigation. In this paper v e hmited our report to the results obtained with 
this new compound, adding only one other product of the same series, i e , 3157, 

which w'as included in the first experiment of this investigation The bactericidal 
effectiveness of both compovmds in normal mice was compared with the action of 
sulfaguanidine and succinjd sulfathiazole. 

Product no SWS — auccinyl sulfapyraztne as obtained by the interaction ot sulfapyrazine 
and succinic anhydnde It has the follois ing structural formula. 


COOII—CHj— CH,CONH< ^OjNH 



In the above chemical compound the hydrogen in the ammo group of the sulfapyrazine 
as replaced by a carboxyl of the succinic acid The remairung carboxyl permits the forma- 
tion of the sodium salt, bo that the product is soluble in sodium bicarbonate as well as in 
sodium carbonate and sodium hydroxide It is soluble in hot i^ater and ciystallizes on 
cooling The product used in these experiments was recrystallizcd and according to analy- 
sis proved to be a pure chemical compound It is insoluble in dilute hydrochloric acid 
Product no StS7 — malyl svlfathiasoh was obtained by the interaction of malic acid and 
sulfathiazole It has the following structural formula. 


HC 

\ . 


C— NH— SO,— 


NH— CO— cn,— CHOH— COOH 


The pure compound w as used in these experiments The abo\ c product is soluble in 
sodium hjdroxide, sodium carbonate and sodium bicarbonate It is insoluble in dilute 
hj drochloric acid and very slightly soluble m water 


Chronic TOxicm' and blood concentrations. In the first series of ex- 
periments five mice received daily five grams of sucemj 1 sulfapyrazine per os in 10 
per cent gum acacia suspensions The above amount was administered daily to 
each mouse for ten days consecutively. The total amount received by each 
animal v as 50 grams. The mice w ere obsen ed for eight daj s after the drug was 
discontinued. AU the animals survived The identical procedure was em- 
ploj'ed in the case of five other mice w hen each animal received the same total 
amoimt of 50 grams of sulfaguanidme. All mice survived the period of ten days 
of drug administration and the eight days of subsequent observation. The 
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third group of Rve mice received sidfasuxidme, again each receiving a total of 
grams in ten days. These animals likewise survived the period of eighteen 
days. The above experiments indicate that succinyl sulfapyrazine, sulfa- 
guanidine and suifasuxidine (succinyl sulfathiazole) are tolerated in large single 
doses when given by mouth to mice. 

In the second series of axperiments we w^orked with three chemical compounds 
in which we were particularly interested because of their bactericidal activity. 
We mixed these compounds thoroughly ^vith food and fed them to mice. As 
estimated from w’eighings of the food consumed, the animals ate daily approx- 
imately 5 grams containing 5 per cent of the drug. On the first day, the mice ate 
less than subsequently but from the second day to the last (or tenth) day, a 
constant intake of about 5 grams was observed — this amount containing 5 per 
cent or 250 milligrams of'the pure drug. Except for the death of one animal 
receiving sulfaguanidine, no other deaths occurred among the 15 mice, which 
were divided into three groups — each consisting of 5 mice that received either 
succinylsulfapyrazine, sulfaguanidine, or sulfasuxidine. 

In the third experimental series, blood levels were determined in 10 mice that 
received food containing 1 per cent of the drug. Of the four mice examined in 
this group to which succinylsulfapyrazine was administered, one animal showed 

3.8 milligrams of the drug (free sulfapyrazine) per 100 cubic centimeters of blood; 
'another was found to contain 3.2 mgm. per cent of free and 2.1 mgm., per cent of 
conjugated sulfapyrazine; the third animal had 4.8 mgm. per cent of the free and 

2.9 mgm. per cent of the conjugated drug; the fourth mouse had 3.8 mgm. per 
cent of free and 1.3 mgm. per cent of conjugated sulfapyrazine. Of ten mice 
given food with one per cent sulfaguanidine, one showed 0.9 mgm. per cent sulfa- 
guanidine; the second had a blood concentration of 1 mgm. per cent free and 0.7 
mgm. per cent conjugated drug; in the third animal was found 1.2 mgm. per cent 
of free and 0.5 mgm. per cent conjugated drug; the fourth animal had 1.4 mgm. 
per cent of free and 0.3 mgm. per cent conjugated sulfaguanidine. In another 
experiment 10 mice were fed vnth food containing 1 per cent sulfasuxidine. One 
mouse had 0.2 mgm. per cent of free and 2.3 of conjugated drug; the second 
animal showed 0.6 mgm. per cent free and 0.7 conjugated drug; the third mouse 
shelved 0.9 mgm. per cent of the free and 0.4 mgm. per cent of the conjugated 
drug; the fourth animal was found to have 1.1 mgm. per cent of free and 0.6 
mgm, per cent of conjugated sulfasuxidine. 

All animals not killed for the purpose of taking the blood, survived a period of 
18 days. We assume that as a result of the absorption of succinyl sulfapyrazine 
from the intestines, it appeared in the blood as a free compoimd, and also in a 
conjugated form, probably acetyl sulfapyrazine. With a comparatively large 
dose such as 1 per cent of the drug in food, moderate quantities of the free or the 
combined drug appeared in the blood. Blood levels for sulfaguanidine and 
sulfasuxidine (succinyl sulfathiazole) were found to be lower. In view of the 
excellent toleration of succinyl sulfapyrazine, when given in very large quantities 
to imce by mouth, the amount of the drug present in the blood stream was low 
enough to prevent my increase in the chronic toxicity. 
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Experimental The method published by Marehall, Bratton, White and Litchfield (1) 
gave the basis for our experimental technique 

White mice of 18 to 23 gms of weight were used Twenty to 25 mgms of fresh stool 
specimens’ were taken directly from each mouse by a flamed inoculation loop and emulsified 
in 2 cc of broth The formed pellets were broken up and stirred into an emulsion by means 
of a heavy metal inoculation loop which w as flamed before and after use with the specimen 
of each mouse A small sterile cotton pad was placed m the mouth of each sterile test tube 
and was pushed down through the emulsion in order to retain gross particles and to make 
the suspension as uniform as possible Pour plates containing 20 cc of dcsoxycholate agar 
(Leifson) were made with 1 cc amounts of a 1 100 broth dilution of each original emulsion 
According to the method described by Leifson (12), colony counts were made after incuba 
tion at 37®C In (he majonty of cases the results were obvious after only IS to 20 hours 
when the significant red colonies of coliform organisms were in rapid development and 
colonies of other bacteria were generally still invisible or visible as very small colorless 
colonies The type of colony which we counted also showed the other morphological and 
cultural characteristics of coliform bacteria 

First experiment After having been fed in individual cages with the normal diet for 
eight days, six animals were selected for each of the compounds, i e , 24 mice, divided into 
four groups Each group was put on 1 per cent drug diet for eight days G mice on 1% 
sulfaguanidme diet, 6 mice on \% succinyl sulfathiazole diet G mice on 1% diet prepared 
with product no 3157, 6 mice on 1% diet prepared with product no 3163 

For normal diet we used Wayne Fox Chew This food was pulvenzed and mixed with 
drug After cessation of drug diet the normal food was re administered for another eight 
day penod The average dailj consumption of food w as 5 gms per mouse Bj weighing 
the eventual residue, the daily food intake and the respective drug intake could be de 
termined for each mouse In general, the animals became accustomed to drug diet quickly 
The intake was uniform from the third day when the dailj intake of compound averaged 
05 gm per mouse Only two mice (no 4 of the succinyl sulfathiazole group and no 3 of the 
no 3157 group) which never consumed more than 3 8 to 4 5 gms of food per day, axeraged 
033 to 045 gm of compound daily 

At least three counts were made on each mouse before beginning drug diet, three counts 
dunngdrug diet and another three counts after cessation of drug diet and readministration 
of normal diet We determined the average numbers of bacterial colonics from the second 
and third counts of each eight day period of feeding when the food intake had become 
uniform These determinations were made on the fifth and the seventh days 

As did H White (2), w e found that even under the same conditions of care and feeding the 
number of coliform colonies is not at all uniform in normal mice Also, in our experiments 
occasionally one mouse did not show coliform colonies when stool specimens were cultured 
on dcsoxycholate agar In one mouse which we observed through six weeks the cultures 
showed only aerobacter colonies m twelve counts In several other mice which had coli 
form bacteria in the feces, dailj changes w ere observed in the number present although the 
fecal pellets did not show any change 

In selecting the animals before starting the chemotherapeutic experiment, we elimmated 
all mice which had shown less than a thousand colonics in two tests immediately preceding 
the period of drug administration The presence in the normal feces of a thousand to 
innumerable colonies gave a substantial basis for evaluating the later effectiveness of the 
drugs m that a marked change could be observed from thousands or innumerable colonies 
present in normal feces, to less than a hundred colonics during drug diet In the majority 
of cases the bacteriostatic action against the coliform bacteria became obvious after only 48 
hours However, the greatest bactencidal effect was reached on the fourth day of drug 
intake Generally aerobacter colonies, characterized by pink color or red centers and 


* Average weight of fresh fecal pellets equaled 0235 gms (determination made on four 
days wnth eight mice fed with normal diet) 
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colorless peripheries, poved to be much more resistant against the drugs than the coliform 
bacteria. This selection of animals required a great many preliminary tests before starting 
the drug diet because no more than approximately 60 per cent of the normal mice of our stock 
showed a standard count of a thousand or innumerable coliform colonies during the eight- 
day period of the pre -treatment counts. All mice tolerated the eight-day period of drug 
administration well. 

Results, The tubulated results (table 1) are self-explanatoiy. The symbols 
Hy T and M indie&te colony counts of hundreds, thousands or innumerable 
(^'millions^*) colonies Avhile the tabulated figures refer to the actual numbers of 
colonies, all symbols indicating the average of two counts made on the fifth and 
seventh day of each feeding period. In comparing the various results, one is at 
once cognizant of the superiority of the bactericidal action of sulfaguanidine and 

TABLE 1 

First experiment: effect of one per cent drug diet on the colony count of the intestinal (coliform) 
flora of normal mice (desoxycholate agar plate count)* 


Before drug diet. 
During drug diet. 
After drug diet. . , 


Before drug diet. 

During drug diet, 

After drug diet. 

* The noted s 3 "mbol 8 or figures indicate the average number of colonies counted on the 
fifth and the seventh day of each eight-daj' period of feeding: H = hundreds T = thousands 
M = innumerable (“millions”). 

product no. 3163 (succinyl suIfapjTazine) over the other tM'o drugs tested. In all 
mice used for either compound a rapid decrease in the development of coliform 
colonies was obvious, such as a change in the original average of M or T to less 
than a hundred colonies. In one mouse of the sulfaguanidine group and in two 
of the no. 3163 group, coliform bacteria proved to be reduced to such a degree that 
these organisms could not be demonstrated by growth on desoxycholate agar. 
Comparatively, in none of the animals fed vdth the other two compounds was 
there such a significant effectiveness. Only two mice of the no. 3157 group gave 
average results below a hundred colonies. We cannot explain the apparent lack 
of any effect in another mouse of both the no. 3157 and the succinyl sulfathiazole 
group (no. 4 of the latter and no. 3 of the no. 3157 group), since the ori^al 
counts of M colonies remained constant during and after drug diet. But since 
both animals belonged to the few whose daily food intake remained lower during 
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the A\holc expenment than that of the other mice, the somewhat lower drug 
intake maj have been responsible In se\ eral mice of all compound groups the 
effect of drug diet was so lasting that the number of coliform bacteria in the feces 
never returned to the onginal T or AI counts during the observation period of 
our experiment 

Second eTpertmcni In the second experiment we attempted to substantiate 
the results attained in the first with product no 3103 The same procedure was 
followed, using a senes of 20 normal mice with a\erage counts of T or M cohform 
colomes Admimstration and concentration of drug diet and all other factors 
were the same as those of the preceding experiment 
Results The results tabulated on table 2 demonstrate again the high bac 
tericidal action of product no 3163 against the intestinal bacteria of normal mice 
Also m this senes 1 per cent drug diet w as well tolerated Onl} tw o mice (no 12 
and no 25) showed an a^ crage count of more than a hundred coliform colonies 
after drug adnunistration ^ The other 18 mice averaged from zero counts 

TABLE 2 

Compound fKtSlGS Succxnijl sulfapyrazine — second experiment — SO animals 


ifoosz number 




« 1 

’ 1 

10 

”1 

|12 1 

11 

I 

15 1 

16 1 

1? : 

18 1 

19 1 

|20| 


22 1 

23 1 

|«l 


26 

Before drug diet 

M 

T| 

T 

T 

! T 

|m. 

M 

1 T 

Im 

M| 

M, 

M 

Im 

[Ml 

m: 

T 

T, 

T 

L, 

T 

During drug diet 

0 

20 

2 

33 

18 


30 

35 

3G 

' 

94 

70 

0 

:i9 

85 

32 

63 

145 

I T 

43 

After drug diet 

M 

90 

iH 

T 

li 

; T 

T 

T 

H 

M 


II 

42 

H 

T 

T 

H 

T 

M 

H 


Explanation of symbols and figures tbe same as given for table 1 


(three animals) to 94 colonies Nearly half of the ammals showed a marked 
reduction m densitj of coliform bactena in the stools which remamed until the 
end of our observation penod In three of these mice we continued observation 
for another 8 daj penod, the one (no 9) showed remarkable increase of the 
coliform colomes onlj on the thirteenth day after drug administration was 
stopped, the other mice (no 8 and no 19) showed a constant low number of 
colonies e\en two weeks after cessation of drug mtake 

Discussion In comparmg the results obtained with the \anous compounds 
in our first experiment, we found a marked bactericidal effectiveness of product 
no 3163 (succmjl sulfapj razine) against the mtestinal coliform bacteria of 
normal mice This compound proved at least equal to sulfaguamdme and 
considerably supenor to succmjl siilfathiazole (sulfasuxidine) The product 
no 3157 (maljl sulfathiazole) proved about equal to succmjl sulfathiazole under 
the conditions of our experiment H White (3), m his quantitative evaluation, 
also found the bactencidal effectiveness of sulfaguamdme better than that of 
succinjl sulfathiazole, the highest degree of activity among the ten sulfonamides 

* Mouse no 25 was the only one showing a constant lower intake of drug diet as compared 
with the other mice of this senes Therefore the drug concentration m the stool specimens 
of this animal apparent^ was not suthcient to dimmish the numbers of colonics 
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which were tested in his investigation was observed after administration of sulfa- 
pyrazine. Product no. 3163, which proved highly effective in our series, is suc- 
cinyl sulfapyrazine. 

The results obtained in our second experiment, using an additional twenty 
normal mice, substantiated the high bactericidal activity of succinyl sulfa- 
pyrazine. Combining the results obtained in the first and second experiments, 
we find a marked constancy of the low figures of colonies observed during the 
administration of succinyl sulfapyrazine. Only two of the total of 26 animals 
which were treated mth-this compound in both experiments showed an average 
of more than a hundred colonies (= about 8%), while 24 animals (= 92%) 
demonstrated a decrease from T or M pre-treatment counts to less than hundred 
colonies, or — ^in four mice — to zero colony counts. In comparing this compre- 
hensive result 'ivith the colony counts after one per cent, sulfaguanidine diet which 
Marshall and his co-workers tabulated in their first publication on sulfaguanidine 
(1), we find again at least an equal effectiveness of product no. 3163 (succinyl 
sulfapyrazine) and sulfaguanidine. 

After the 8-day period of drug diet, in some animals we observed a lasting 
change of the intestinal flora up to the end of the observation period, particularly 
after succinyl sulfapyrazine, in that the original counts of T or M colonies never 
again were reached. In his experiments, H. White (3) observed that a marked 
bactericidal effect of a 5-day treatment with one per cent, sulfaguanidine diet did 
not last long after cessation of drug administration. However, in a great many 
of our animals the coliform counts also gradually increased to the pre-treatment 
counts of T or M colonies after cessation of drug intake. 


SUMMARY 

The bactericidal action of two new sulfonamide derivatives, i.e., succinyl 
sulfapyrazine and malyl sulfatliiazole, against the intestinal coliform flora of 
normal mice was determined and compared vith the action of sulfaguanidine and 
sulfasuxidine (succinyl sulfathiazole). Under the conditions of our experiments, 
succinyl sulfapyrazine proved highly effective and at least equal to sulfaguanidine 
in diminishing the density of coliform bacteria in the contents of the intestine of 
normal mice. Its bactericidal effectiveness was much greater than that of sulfa- 
suxidine and greater than that of malyl sulfathiazole. This last compound 
proved about equal in its effectiveness to sulfasuxidine. 

The toxicity of succinyl sulfapyrazine, sulfaguanidine and sulfasuxidine 
(succinyl sulfathiazole) proved to be very low for mice when administered in large 
quantities in acacia suspension or in a drug diet. The resulting blood levels in 
mice on one per cent, drug food mixture were generally low for all three drugs, 
with succinyl sulfapyrazine somew'hat higher than the other two drugs. 
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Veratrum viride is obtained from the rhizomes and roots of the green hellebore. 
The presence of the three alkaloids jervine, pseudojervine and rubijen^ine is 
well established (Wright (1)) but they are relatively inactive biologically (Boehm 
(2)). Although Wright presented evidence that cevadine (crystalline veratrine), 
the important alkaloid of Veratrum sabadilla, was present in relatively high 
concentrations, he did not definitely establish this and it has not yet been con- 
firmed. Seiferle, Johns and Richardson (3) were unable to find in Veratrum 
viride, protoveratrine (Salzberger (4)) and germerine (Poethke (5)) the highly 
active alkaloids of the closely related species Veratrum album. They did isolate, 
however, protoveratridine and genuine which are hydrolysis products of ger- 
merine. Their results also showed the presence of definitely toxic alkaloids 
which they were unable to identify. Consequent the principle or principles 
primarily responsible for the activity of the drug are still not established. The 
similarity of the descriptions in the literature, however, of the circulatory effects 
of Veratrum viride, Veratrum album (including protoveratrine and germerine) 
and even of veratrine suggest that these drugs contain closely related principles. 

Despite the fact that the first physiological investigations of the action of 
Veratrum viride were carried out over 100 years ago, relatively little is known of 
its effects on the vascular system. During the latter part of the 19th century 
the drug was used in the treatment of pneumonia, fevers and eclampsia because 
its administration Avas followed by a decrease both in the rate and in the force of 
cardiac action. After the extreme toxicity of large doses Avas recognized Vera- 
trum was prescribed less frequently; its use was continued, hoAAwer, by afeAV 
individuals in the treatment of the convulsive toxemias of pregnanc 3 \ Clinically 
Veratrum viride is used in the form of the tincture or as Veratrone,^ a non- 
alcoholic preparation Avhich may be given parenterally. The recent report by 
Bryant and Fleming (6) of 120 cases of eclampsia treated with Veratrum viride 
with' a mortality rate of only 1.6% Avarrants further investigation of its use as 
an adjunct treatment for this disease. Because of its powerful depressant 
effect on both pulse rate and blood pressure it seems desirable that the physiologi-' 
cal effects of the drug be investigated more thoroughly before its general use is 
advocated. 

The outstanding effect of moderate doses of Veratrum viride injected intra- 
venously in animals is a fall in blood pressure resulting primarily from cardiac 

AYeratrone, a preparation of Parke, Davis and Company is described as « a purified 
preparation of Veratrum Viride, equal to one-fourth the strength of the Fluid Extrac y 
alkaloidal assay/’ 
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slo^^mg due to \agal stimulation The role of vasodilatation in contnbutmg to 
the fall in blood prebsure has recei\ ed comparatively little attention although 
reference has been made to it bj \ arious ina estigators MacNider (7) ob«?erved 
some fall in blood pressure on intrav enous injection of the tincture into vagot- 
onuzed or atropmized dogs and also a reduction of the hypertension produced 
by epinephrine uhich could not be accounted for by the slouing of the heart 
Cramer (8), using cats, concluded that, although caidiac slowing contnbuted to 
the fall m blood pressure, the latter was due primanlj to \agal reflex \ asodilata 
tion An increase in intestinal \olumc and a teraporarj decrease followed by 
an increase m kidney \olume were also obser\ed The a asodilatation was not 
believed to result from a peripheral action since epmephnne and posterior pitui- 
tarj extract still produced the usual degree of vasoconstriction On the con- 
trary, Hewlett (9), using an arm plethv smograph on human subjects, concluded 
that the fall m blood pressure was related to cardiac slowing rather than to 
vascular change 

Following the injection of Venitrone m a patient being treated for convulsive 
toxemia of pregnancy at the XJiuv ersity of Michigan Hospital a marked dilatation 
of the retinal arterioles coincident with the fall in blood pressure w as noted This 
observ ation plus the fact that there often is a distinct improvement in the general 
condition of the toxemic patient after the use of Veratiiim suggested that factors 
other than depression of the pulse rate and blood pressure might be concerned 
This study was undertaken in an effort to determine the action of the drug on the 
penpheral circulatory system 

Methods Three types of experimental procedure were used 

1 Per/uston of tsolaled organs The mam artery and vein of the isolated ear, kidnev 
and hind leg of the rabbit were canniilatcd and the vascular system was perfused with 
mammalian Ringer's solution at constant pressure Each drop of fluid emerging from the 
ref ft B as recorded hy means of a drop counting derfce After ttco esfahhshsrcnt of a regular 
rate of flow the drug was injected by a small gauge hypodermic needle into the artery and 
the effects on the perfusion rate observed 

2 .Studies on intact animals Dogs under morphine urethane anesthesia were used 
The blood pressure was recorded by a mercury manometer from the carotid arterv and 
volume changes in the spleen and hind leg were recorded by plethysmographs The drug 
was administered directly into the femoral vein usually in dosages of 0 005 cc (Veratrone) 
and0 02cc (tr Veratrum viride) per kgm of body weight 

3 Studies on ammots in which the peripheral oircwta/ion was excluded Dogs anesthetized 
w ith morphine and urethane w ere used The subclavian vessels w ere clamped bilaterally at 
their origins and the aorta was damped just below the arch thus eliminating the peripheral 
circulation and leaving intact the circulation through the heart lungs and head Artificial 
respiration was begun on opening the chest waif The drug was administered into the 
jugular aein and the effect on carotid blood pressure was recorded by means of a mercury 
manometer 

Resuiis 1 Perfimon of isolated organs (fig 1) 

(a) Kidney Studies on the perfusion rates through 25 kidneys were made 
In each experiment the drug was injected into the cannula after the pcrfii«ion 
rate had become constant In 9 instances the injection of the t’eratrone was 
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preceded by epinephrine to constrict the vessels; in the remaining 16 only Vera- 
trone was used. The drug was injected in dosages varying from 0.005 to 0.1 cc. 

The perfusion rate following the injection of epinephrine was markedly slowed 
as the calibre of the vessels decreased but when this drug was followed by Vera- 
trone there occurred in each instance a distinct and rapid increase in the rate of 
flow. In the remaining 16 experiments an increase in flow was noted in 12 
(dosage 0.01-0.05 cc.). The amount of the drug injected in the 4 which failed 
to respond ^Yas only 0.005 cc. ; the perfusion rate in these organs increased mth 
a larger dose. An increase in perfusion rate never occurred with a control injec- 
tion of an equal volume of Ringer's solution. 

■■■■■■■■Ill i.iijiji n I ■ 


O.Olcc EPINEPHRINE 


O.EccVERATRONE 



0.0p25cc.EPINEPHRiNE 0 J cc. VERATRONE 


Fro, 1. Effect of Veratrone on the Rate op Perfusion through Isolated Structures 

OF THE Rabbit 
Time record, 5 seconds 

(b) Ear. Studies were done on 29 ears. In 9 the Vera trone was preceded 
by epinephrine, and in 20 only the former drug was pven. The dosage 
of Veratrone varied from 0.001 to 0.08 cc. The perfusion rate through the 
vessels constricted with epinephrine was increased uniformly by the adminis- 
tration of Veratrone. In 19 of the remaining 20 ears the rate of flow increased 
when the drug (0.05-0.08 cc.) was given. The dosage in the ear which failed 
to respond «-as only 0.001 cc. No change in perfusion rate was noted when 
Ringer’s solution was injected. 

(c) Leg. Studies were made on 19 isolated legs in which all the circulation 

except that through the femoral arterj' and vein was occluded. In 15 ^ 

perfusion rate was increased by the injection of Veratrone (0.05-0.5 cc.) w n e 
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m the remaining 4 no change i\as noted The dosage m those which failed to 
respond i aned from 0 005 to 0 01 cc No change m perfusion rate followed the 
injection of comparable volumes of Ringers solution 
2 Studies on intact animals In 12 dogs Veratrone was injected into the 
femoral \ em prior to \ agotomj and the blood pressure and spleen and leg volumes 
were recoided In all there was noted a definite depression of the pulse rate, 
in three instances the cardiac action w as inlubited complctel} until rche\ ed by 
section of the \ague nerves Almost immediately following the first evidence 
of slowing of the pulse there occurred a sharp drop in blood pressure which was 
then maintained at a level lower than the initial pressure for from one to three 
hours if the vagi were allowed to remain intact Associated vMth the fall m 
blood pressure and occurring eimultancouslv vnth it an increase in leg volume 
was noted in each animal The change m most instances was evidenced by a 
sharp nse which w as mamtained at a lev el higher than the onginal for an a\ er 
age penod of 5 G minutes The change m spleen v olume w as less definite In 
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half the animals there occurred an increase and m the remaining half a slight 
constriction of that organ (fig 2) 

Section of the vagus nerves immediate!} restored the pulse rate to normal 
and resulted m an increase m the blood pressure although it rarely returned to 
the origmal premjection level 

In 6 animals the vagus nerves wore sectioned prior to the injection of the drug 
In each one, followang the administration of Veratrone there occurred a distinct 
fall m blood pressure without demonstrable change in the pulse rate The fall 
in blood pressure was less than that which occurred m animals with intact vagus 
nerves An increase in leg volume was noted constantly and in 4 of the G dogs 
there was also a defimte increase m the v olume of the spleen The initial drop 
in blood pressure was followed by a shght increase but m all animals the pressure 
was mamtained at a lev cl low er than that before the injection In the 12 animals 
to which veratrone was given before vagotom> the first do. e of the dmg after 
section of the nerves was followed bj a fall in blood pressure and an increase in 
leg V olume in all instances and in 6 animals an increase in spleen volume oc 
curred (fig 2) 
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A total of 25 injections of veratrone were given to the 18 dogs subsequent to 
the first dosages after vagotomy. In each instance there occurred a rise in 
blood pressure above the pre-injection level which was maintained for an average 
of 2.3 minutes. The pressure returned to the onginal level after 5 of the injec- 
tions and to a lower level after the remaining 20. No change in pulse rate pc- 
curred with the blood pressure fluctuations. A slight increase in leg volume 
UTis observed each time but the sp/een increased m size in only 4 ; in the remainder 
there occurred a sharp contraction. The respiration became very irregular and 
labored after 11 of the injections and one animal died of respiratoiy failure. 

3. Peripheral circulatory exclusion. In the 4 dogs in which the peripheral 
circulation had been excluded the injection of large doses of Veratrum 'vnride 
(0.1 cc per kgm.) into the jugular vein was followed immediately by complete 
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Fig. 3. Effect of Tincture of Veratrum Viride on a 5.5 kg. Anesthetized Dog, before 
AND after Vagotomy with the Puripherae Circulation Excluded 

suppression of cardiac action and a marked fall in blood pressure. Follo\ving 
section of the vagus nerves the pulse rate returned to normal and the blood 
pressure to a level slightly higher than the preinjection pressure. Subsequent 
injections of the drug resulted in no change in either pulse rate or blood pressure 
and no gross cardiac irregularities could be detected (fig. 3). 

Discussion. The fall in blood pressure following the injection of Veratrum 
viride in the anesthetized dog is primarily a result of vagal inhibition of cardiac 
action which masks the fall in blood pressure due to penpheral vasodilatation. 
A definite peripheral vasodilating action is demonstrated by the folloiidng experi- 
mental results: (1) the increase in perfusion rate in isolated organs, (2) the fall 
in blood pressure without demonstrable change in heart rate and nitli increase 
in volume of the leg and spleen in vagotomized animals, (3) the persistence 
of a blood pressure below the preinjection level in most cases after vagotomy in 
spite of the fact that the pulse rate again became normal. The increase in leg 
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volume and in about half the cases of spleen volume after injections with vagi 
intact is also in keeping \\’ith a peripheral vasodilatation. However, little 
weight can be placed on this observation alone since an increase in volumes of 
the spleen and leg may be due in part to venous congestion as a result of Cardiac 
slowing. Cramer (8), using Veratnim viride in cats concluded that the fall in 
blood pressure due to peripheral vasodilatation was dependent on afferent vagal 
impulses. Jorisch and Richter (10) reached the same conclusions with respect 
to veratrine in cats. The e\idence of peripheral vasodilatation observed bj' us 
in isolated structures of the rabbit and in vagotomized dogs shows that afferent 
vagal reflexes are unnecessary for its occurrence. 

A direct depressing effect on cardiac muscle by large doses of Veratrum has 
been postulated by Houghton and Hamilton (11). Wedd and Drury (12) noted 
that the administration of the drug to patients with auricular fibrillation pro- 
duced a reduction in both auricular and ventricular rates. Since in this condi- 
tion vagal stimulation usually is followed by a decrease in ventricular rate and 
an increase in auricular rate they assumed that a direct effect on the auricle 
with an increase in the A-V conduction time was responsible. In their animal 
experiments they could detect little change in the normal heart unless extremely 
large doses were used. In our experiments in which the peripheral circulation 
was excluded, doses of the tincture five times as great as those used in the intact 
animal produced no perceptible effect on the heart or blood pressure after 
vagotomy. 

The present work offers no explanation for the rise in blood pressure commonly 
observed, especially in vagotomized animals on repeated dosage wdth Veratrum 
and veratrine alkaloids. Although Pilcher and Sollmann (13), using a spe- 
cialized technique, obtained little evidence of stimulation of the vasomotor 
center with Veratrum viride it seems probable that such occurs. Central vagus 
stimulation, convulsions with large doses even wth artificial respiration and 
respiratory effects all of which have been described by other investigators point 
to a central action w’hich by inference might involve the vasomotor center. 
Although reflex action is not excluded, vasomotor center stimulation is suggested 
by our experiments in that no appreciable alteration in heart action could be 
detected coincident with the rise in blood pressure and in our perfusion experi- 
ments a peripheral vasoconstriction was never observed. 


SUMMARY ANP CONCLUSIONS 

1. In perfusion experiments on the isolated ear, kidney and leg of the rabbit 
a vasodilating action of Veratnim viride was clearly demonstrated. 

2. Evidence of vasodilatation w'as obtained in that Veratrum viridi produced, 
in the anesthetized vagotomized dog, a fall in blood pressure and an increase 
in the volumes of the leg and spleen without perceptible change in cardiac action. 

3. With the peripheral circulation excluded exceptionally large doses of the 
drug had no effect on cardiac action after vagotomy ruling out a direct depression 
of the heart. 
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The heart rate lowering action of 'veratrum alkaloids has been the subject 
of % anous studies which ha\ e led to apparently contro\ ersial results ivith regard 
to the mechanism involved in this action In the follow mg report we restiict 
ourseU es to a discussion of the effect of veratnne (which is a mixture of alkaloids 
from the seeds of Vcratrum SabadiUa Alton, or iSc/ioenocau?on officinale Gray), 
and especially of the pure alkaloids \eratridine, ce^adlne, and CB\ine The 
alkaloids of Veratrum inride and Vcratrum album will be dealt with later 

Von Bezold and Hirt (1) were the first to observe the heart rate decrease after 
veratrme They used rabbits and cats for their experiments, and they explained 
the effect as being caused by a central ^ agal stimulation Lissauer (2) using 
ce\adme m rabbits and cats, did not consider this explanation to be definitely 
established, while Pilther and Sollmann (3), on the basis of experiments in dogs, 
called attention to the value “of \eratrum and ce^adine as illustrating pure 
central \agus stimulation “ 

In cross circulation experiments in dogs Heynnans and Heymans (4) found a 
decrease in heart rate when veratnne was injected into the arterial supply of 
the head which was perfused from another dog and had only the \agal connec 
tions with the heart Their results w ould be in agreement with the abo\ e men 
tioned Mew unless afferent impulses onginatmg in receptor areas which were 
included m the head circulation, like those of the carotid smus were m part or 
wholly responsible for the effect Later experiments conducted m Heymans* 
laboratory support the assumption that the carotid smus area plays some role 
m the action under discussion [see Jansch and Richter (5), page 348] 

Jansch and Richter (5), injecting ^eratnne mto the arteries leadmg to the 
head in dogs and cats, concluded that the decrease m heart rate was caused es 
sentially by a reflex action, the afferent impulses ongmatmg m the heart Con 
firmatory evidence of this view was supplied by Richter and Thoma (6), who 
found in cats that injection of veratrme mto the vertebral artery or mto the 
fourth V entncle of the central nerv ous system only m rare cases caused a decrease 
m heart rate This heart rate decrease they ascribed to a reflex action brought 
about by that part of the veratnne which reached the heart after passage through 
the circulatory system of the head 

* The expenses of this w ork ere paid m part by a grant from the Rockefeller Foundation 
and in part from funds at the disposal of the University Committee on Pharmacotherapy 

* Present address Mayo Aero Medical Unit Rochester Minnesota 

* Fellow of the Rockefeller Foundation 
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It seemed likely to us, from tke evidence presented, that there was no real 
discrepancy in thpe reports and that the heart rate lowering effect of the vera- 
trum alkaloids might be due partly to reflex action and partly to central vagal 
action. In order to verify this assumption, 14 experiments were conducted in 
dogs. Four were done in heart-lung-head preparations in which the circulatory 
system was reduced to involve only heart, lungs, head, and right foreleg. This 
preparation excludes to a large extent changes in arterial resistance by sub- 
stituting the artificial arterial resistance of Starling *s heart-lung preparation for 
the major part of the physiological arterial resistance of the experimental animal. 
For a more exact analysis of the site of action of the alkaloids, 10 cross-circulation 
experiments were made in which there was nothing but nervous connections 
between the central nervous system and the head circulation on one side, and 
the heart, which was working in a heart-lung preparation, on the other side. 

Veratrine hydrochloride IMerck was used for one heart-lung-head experiment 
and for two cross-circulation experiments. In aU other experiments veratridine 
was used; in four of these cevine was tested in comparison -with veratridine, 
and in three veratric acid was also administered. Unless otherwise specified, 
all dosages mentioned below refer to veratrine hydrochloride, cevine hydro- 
2 hloride + 2 H 2 O (mol, wt. 581), and veratridine base (mol. -wt. 673), respectively. 

The veratridine, cevine, and veratric acid used in this study were prepared 
Dy Linstead and Todd (7) from the same batch of veratrine hydrochloride Merck 
i,hat was used in the veratrine experiments of the present investigation and 
which had been previously studied by Krayer and Mendez (8) 

Method, The dogs used for the heart-lung-head preparation weighed between 9.0 and 
10,2 kgm. They were anesthetized with 0.09 gram of chloralose per kgm. body weight. The 
animals were heparinized* and the preparation was made in a way similar to the heart-lung 
preparation of Starling, except that after the left subclavian artery and the azygos vein were 
tied, the cannula for the venous blood supply was introduced into the vena cava inferior 
and the arterial cannula was placed into the arch of the aorta. The total output of the left 
ventricle therefore separated into coronary blood, blood flowing through the brachioceph- 
alic artery into the head region, and blood flowing through the aortic cannula into the heart- 
lung system and returning through the vena cava inferiorto the right heart. Only the last 
fraction was measured by the Weese_stromuhr in the system. Befibrinated blood from a 
bleeder dog was usually used lo supplement the total blood volume in the preparation. 

The dogs used for the cross-circulation experiments weighed between 8,4 and 17 kgm. 
They were anesthetized with 0.045 gram of chloralose per kgm. body weight, ether being 
used to deepen the anesthesia when necessary during the operation. The animals were 
heparinized, and heparinized blood was obtained from one or two bleeders, so that from 1.2 
to 1.8 liters of blood were available for one experiment. 

The method of cross-circulation was that described in detail by Krayer and Verney (9). 

In two of the ten experiments the head was perfused from a second dog by connecting its 
abdominal aorta with the cranial end of the brachiocephalic artery and allowing the blood to 
return from the vena cava superior of the perfused head into the abdominal part of the vena 
cava inferior of the eviscerated perfusing dog. In order to prevent marked changes in 
arterial pressure and heart rate of the perfusing dog by the injection of the drug into the 
"head circulation," the vagi of the perfusing dog were severed. In eight experiments a 


* The heparin used was obtained from the Connaught Laboratories, Toronto. 
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pump as u'sed for the perfusion of the head and oxygenation of the blood n as achieved bj 
an artificial oxj genator A compensating device similar to that described b\ Jvrajer and 
\ emey made it possible to obviate at w ill pressure changes in the head circulation 

These cross circulation experiments enabled us to administer the alkaloids into the 
heart lung circuit or into the head circulation In five of the experiments the carotid sinus 
neracs were isolated prior to the beginning of the experiment and were then severed during 
the experiment in order to evaluate the part played by afferent impulses from the carotid 
sinus m the reflectoric decrease in heart rate In isolating the carotid sinus nerves a wide 
exposure of both carotid sinus areas was obtained bj reflecting the larjnx and esophagus 
cephalad (10) All visible xessels were excluded from the nerve ligatures 

The alkaloids and other substances were injected into the venous blood suppb of the 
heart lung preparation or into the arterial blood supply to the head In the latter case the 
total amount of substance to be injected was dissolxed in not jnorc than 0 2 cc of 0 9% 
sodium chloride solution The pH w as adjusted to about 7 5 and the solutions w ere kept at 
a temperature of 3S®C prior to their injection The alkalouls were administered as hj- 
drochlortdes, the veratric acid was given as sodium veratrato 

1 Ex'pcnmmts on the heart lung head preparation It has been sboxvn by 
Krajer and Mendez (8) that doses of 0 1 to 0 2 mgm of \eratnne gnen into 
the denen ated heart lung preparation to make concentrations of 1 9 million 
to 1 2 5 million do not lead to a conspicuous change m the heart rate If the 
heart rate is lowered at all, this effect occurs only gradually It is pronounced 
onl\ if large do‘?es are repeatedly gu en, as shown, for example, in table 3 of the 
paper by Krayer and Mendez, where 0 3 mgm of veiatnne, gi\en 3 time^ in 
succession, led to a drop m rate from 148 per minute to 88 per mmute wnthm 
a period of 77 minutes Toxic doses of xcratrine gi\en initially were found to 
cause a slight increase m rate, and irregularities Similar results were obtained 
with vcratndine and cexme by Moe and ICrayer (11) In contradistinction to 
this, the heart rate lowcnng effect m the mnerx ated heart is abrupt and marked 
and is contingent upon the proper functioning of the \ agal mechanism, as can 
be seen from figure 1 Within a few seconds after the administration of x eratnne 
the heart beat ceased for about 10 seconds and then gradualh mcreased to reach 
the rate of 60 per minute w ithm about one minute (figure 1 , A) The heart rate 
promptly ro*!e when the vagi xxere cut (fig 1, B), and a subsequent dose was 
without effect (figure 1, C) 

Similar obserx ations could be made with 0 1 to 0 2 mgm of x eratndme, while 
cexme, even in doses of 5 to 10 mgm , did not cause the abrupt lowering of 
the heart rate The only effect which could possibly be attributed to cevine 
was a gradual decrease m rate In one experiment, for instance, after an injec 
tion of 10 mgm of cevine the heart rate fell from 144 to 110 xxithin a period of 
13 minutes 

In the experiments xvith vcratndine it was observed that the effect of the first 
close wore off more readily than the effect of a subsequent dose and aI'?o that the 
intensity of the initial effect tended to be less with the second dose, exen if it 
was larger than the first In the experiment of figure 2, for instance, from the 
return of the heart rate and the absence of any signs of irrcgulanties in the heart 
beat it IS exident that the effect of the initial dose of 0 1 mgm of x eratndme, 
which had caused a decrease to 38% of the onginal heart rate, had nearly dis 
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appeared 10 minutes after the injection. However, after the injection of 0 2 
_mgm. more of veratndine the rate dropped to only 55%, and, after a transient 
increase, reached 45% of the original rate within 5 minutes. Also, irregularities 



Fig. 1. Experiment March 24, 1941, Action of veratrine upon heart rate before and 
,ftcr cutting the vagus nerves. Heart-lung-head preparation. Dog, 9.5 kgm. 0.09 gram 
hloralose per kgm. body weight. Weight of heart 56 grams. Arterial resistance 90 mm. 
riercury. Tracings from top to bottom: systemic output in 100 cc.; time in 10-second in- 
ervals; arterial pressure (scale on left in mm. mercury); heart volume (scale on left in 
c.); right auricular pressure (scale on left in mm. water). The horizontal rows of figures 
Dpresent, from top to bottom, heart rate per minute and temperature in degrees centi- 
rade. At the signal in A , 0.2 mgm. of veratrine hydrochloride was injected into the inflow 
Libe. At the signal in B the vagus nerves were cut. At the signal in C, 0.2 mem. of vera- 
rinc hydrochloride was injected into the inflow tube as in A. Betw’ccn A and B was an in- 
jrval of 3 minutes; between B and C, 11 minutes. 



Fig. 2. Experiment November 12. 1942. Action of veratridinc upon heart rate. Heart- 
lung-hcad preparation. Dog, 9.5 kgm. 0.09 gramchloralose per kgm. body weight. Weight 
of heart 68 grams. Arterial resistance 78 mm. mercury. Tracings from top to bottom: 
S3^stemic output in 100 cc.; time in 10-sccond intervals; arterial pressure (scale on left in 
mm. mercury); right auricular pressure (scale on right in mm. water). The horizontal 
rows of figures represent, from top to bottom, heart rate per minute and temperature in 
degrees centigrade. At I, 0.1 mgm. of veratridine was injected into the inflow reservoir. 
At 2, 0.2 mgm. of veratridinc was injected in the same way. At 3 the vagus nerves were 
blocked b^*^ cooling. At 6* the drum was arrested for 5 minutes. 


of heart rate pereisted, indicating a difference in effects. This is probably due 
to a difference in responsiveness of the preparation, because in another experi- 
ment 0.2 mgm. of veratridine, given under comparable conditions as an initial 
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dose, caused an abrupt decrease in rate to 42% (from 172 to 72) with a subse- 
quent increase to 72% of the original rate ithin 3 minutes That these changes 
are largeh , if not entirely, mediated by the vagus can be demonstrated by ex- 
cluding the vagal impuhes In figure 2 cooling the vagi (at 3) led to a piompt 
increase in heart rate, and 0 minutes later cutting the \ agi caused the heart rate 
to rise to 128 per minute 

No attempt vas made in the*5e heart -lung-head experiments to establish the 
minimal effective do'^e of ^erat^dlne or to anaij'ze further the mechanism 
of action 
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Fig 3 Experiment February 17,1942 
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2 Cross circulation experiments The use of the cross-circulation technic made 
it possible to establish the reflex nature of at least a part of the heart rate low er- 
ing effect of the veratrum alkaloids This effect could be obtained with \era- 
trme, as well as with the pure alkaloid \eratridine (figure 3) In figure 3, B, 
5 micrograms of \eratiidine injected into the inflow tube of the heart-lung 
preparation caused the characteristic drop m heart rate, which had worn off 
largely, but not entirely, 10 minutes later The initial decrease m rate of 50% 
was caused by a concentration of approximatel}-^ 1 :40 million to 1 : 60 million of 
\ eratndme m the blood reaching the heart The dose was repeated in figure 3, 
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C, and led to a drop in heart rate of 70%. The same dose was subsequently 
given 3 times more, and the fifth dose still showed a distinct effect, although the 
heart rate previous to the injection had reached a level of only 96 beats per minute ’ 
and the decrease to 84 lasted only for about 10 seconds. Cevine was withoutthe 
characteristic effect of veratrine and veratridine ; not even a dose 400 times that of 
veratndine caused a change in rate, as shown in figure 3, A. Similarly, veratric 
acid in doses up to 10 mgm. was without effect. 

The veratridine response on repetition was considerably weakened if the first 
dose administered was larger than 10 micrograms under the conditions of our 
experiments. Occasionally even an initial dose of 10 micrograms led to a weaker 




Fig. 4. Experiment December 17, 1941. Action of veratridine upon nerve impulses to 
heart after injection into the heart and after injection into the head circulation. Cross cir- 
culation. Heart-lung dog, 12.5 kgm. 0.045 gram chloralose per kgra. body weight, and 
ether. Heparin, 100 mgm. Head perfused by pump. No compensation. Blood volume 
in head circulation 800 cc. Blood volume in heart-lung preparation 500 to 600 cc. Tracings 
from top to bottom: arterial pressure in head circulation (scale on left in mm. mercury); 
right auricular pressure of heart-lung preparation (scale on right in mm. water); arterial 
pressure of heart-lung preparation (scale on left in mm. mercury); signal line; time in 10- 
second intervals. The horizontal row of figures represents heart rate per 10 seconds. The 
temperature in the head circulation was SS^C.; in the heart-lun^ preparation, 39.3 to 39.6“C. 
At the signal in A and in B, 10 micrograms of veratridine was injected into the inflow tube of 
the heart-lung preparation. At the signal in C and in /), 10 micrograms and 50 micrograms 
respectively were injected into the rubber tubing carrying the arterial blood supply to the 
head. Between A and B was an interval of 18 minutes; between B and C, 25 minutes; and 
between C and D, 5 minutes. 


response, as in figure 4, where the first and second dose caused a maximal drop in 
heart rate to 64% and 85% respectively of the original rate. The effect in both 
cases was completely re^^ersible, and the heart returned to the original rate after 
18 to 25 minutes. 

When in these experiments veratridine was injected into the head circulation, 
decrease in heart rate was observed vnih dosages from 10 to 70 micrograms. The 
effect was proportional to the do.se and u'ith a dose of 50 micrograms could be 
obtained repeatedly (the highest number of injections in one experiment was 5) 
Avithout the weakening in the response characteristic of large doses given into the 
heartdung circulation. In the experiment of hgure 4, C, 10 micrograms caused 
a decrease in rate to 80% of normal, which had disappeared after one minute; 
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while 50 microgrnms lowered the rate to 34%, and after one minute the rate had 
relumed to Cl% of the imtial rate After cutting the ^ngt no response could 
be obtained with doses of 100 micrograms 
These e\pcnments pro\ e that the heart rate low ering effect cannot be entirely 
ascribed to impulses originating m the heart lung circuit As the carotid emus 
areas m our cross circulation experiments were mcluded in the head circulation, 
afferent impulses ongmatmg there, as well as impulses onginatmg m the central 
nen ous s} stem, could be responsible for part of the action In order to evaluate 
the importance of impulses from the carotid sinus area, injections were made into 
the head circulation before and after severing the carotid sinus nenes The 



circulation (scale on left in mm mercur 


minutes Head pressure compensated 

results of our 5 experiments w ere not uniform In three expenments there was a 
marked weakening of the response as illustrated in figure 5, m one expenment 
the decrease was slight, and in one experiment no noticeable difference m the 
effect could be obser\ed after the denervation of the carotid sinus area In 
all expenments the completeness of the denervation of the carotid sinus area 
v\as venfied bj the absence of a response to sodium ejamde (cheraoreceptors, 
sec fig 5) and to changes m the arterial pressure of the head circulationfpressor 
receptoib) (12) 

In the cross circulation experiments the amount of blood in the head circula 
tion was in the range of 800 to 1500 cc , and the circulation rate v\as betw een 300 
and 450 cc per minute as measured bj the Weese stromuhr inserted into the 
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arterial blood supply to the head. The maximal initial concentration of veratri- 
dine entering the head circulation, therefore, if a dose of 50 micrograms was 
injected within about two seconds, was of the order of 1:200,000 to 1:300,000; 
and the limit effective concentration, corresponding to a dose of 10 micrograms, 
was of the order of 1 : 1 million to 1 : 1 .5 million. 

Cevine and veratric acid given into the head circulation were without effect 
in doses of 2 mgm., corresponding to a maximal initial concentration of 1:5,000 
to 1:7,500. 

Discussion. The apparent discrepancy in the literature in regard to thecen- 
tral versus reflex nature of the heart rate decrease has been resolved by our 
experiments. Afferent impulses from the heartdung circuit, as well as impulses 
from the central nervous system, take part in the effect upon the intact circula- 
tory system. In addition, our experiments make it probable that afferent 
impulses originating in the carotid sinus area also partake in the action of verat- 
ridine under discussion. This latter observation is not in agreement with state- 
ments of Jarisch and Richter (5), but their reference is not detailed enough to 
allow a critical evaluation. With regard to a more specific localization of the 
origin of the afferent impulses within the heart-lung circuit our experiments 
furnish no evidence, and we cannot decide what role receptors in the vessels of the 
lungs, in the ventricular muscle, and in the ascending aorta play. Since Cramer 
(13) came to the conclusion that pulmonar^^ receptors were responsible for the 
reflex decrease in heart rate which he obsen^ed with a mixture of alkaloids of 
Verairum viridc^ it will be necessary to consider this possibility in a further 
analysis of the action of pure alkaloids. Jarisch and Richter, on tlie basis of 
their work on cats, believed pulmonary receptors to be of little significance. They 
attribute the greatest importance to receptors of the myocardium. Jarisch and 
Richter also deny that aortic receptors contribute to the reflex decrease in rate, 
which, in view of our experience with the denervation of the carotid sinus area, 
cannot be accepted without further proof. 

For a study of the reflex action originating in the heart, our experiments empha- 
size the necessity of working with a dosage near the minimal effective dose if a 
readily reversible and reproducible effect is desired. While the nature of the 
weakening of the response with initial doses of more than 10 micrograms under 
tlie conditions of our experiments is not fully understood, we assume that such 
{loses influence the receptor mechanism, as the central effect was not weakened, 
indicating that the efferent pathway of the reflex arch remained unchanged. A 
similar view was expressed by Cramer (13) in his work on Veralrxm viride. He 
states that a marked slowing of the heart, which in cats is sometimes absent, 
could only be obtained with small doses, and that the drug, after having stimu- 
lated the afferent nerve (mdings of the vagus, paralyzes them so that a second 
and third dose is without efieet. 

Mendez and Montes ( 14 ) have recently emphasized some cpialitalivc differ- 
ences between verutridinc and cevine, (14ie ester-alkaloid veratridine can be 
.split into the alkamine cevine and veratric ueid by hydrolysis in alcoholic potas- 
binm hydroxide solution.) Our experiments reveal another difference between 
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these two substances in that the rcflectoric as well as the central action involved 
in the lowering of the heart rate can be obtained only by the ester-alkaloid 
veratridine, and not by cevine. Veratric acid also was found inactive. The 
specificity of the action of the ester-alkaloids of cevine does not seem todepend 
upon the nature of the oi^anic acid, as Lissaucr (2) and Pilcher and Sollmann (3) 
in intact animals observed effects wth cevadine, the tiglic acid ester of cevine, 
which are similar to those we saw with veratridine. 

Whether or not there is a true qualitative pharmacological difference between 
the alkamine cevine and its ester-alkaloid veratridine is difficult to ascertain as 
long as the biochemical mechanism by which the ester-alkaloid acts remains 
unknown. It is conceivable that cevine is the active compound even in the 
administration of veratridine, and that the ester- alkaloid is instrumental only in 
the distribution of the alkamine, enabling it to reach the site of its specific action. 

SUMMARY 

In cross-circulation experiments in which the hfeart-lung s>’stem was in connec- 
tion with the central nervous system by nervous pathways only, the veratrum 
alkaloid \'eratridine, when administered into the heart-lung circulation, caused a 
decrease in heart rate in a dose too small to have a direct action upon the impulse 
generation in the heart. This effect of veratridine was found to be mediated by 
the vagus, the afferent impulses originating within the heart-lung circuit. A 
heart rate decrease could also be obtained when the alkaloid was injected into the 
circulatorj' system of the head. The available evidence indicates that afferent 
impulses responsible for the reflex decrease do not arise in the heart or lungs alone, 
but also in the carotid sinus area, and that there is in addition to the reflex effect 
a direct effect upon the central nervmus system causing vagal stimulation. 

For a study of the reflex response originating in the heart-lung circulation it 
was found imperative to work with dosages close to the minimal effectiv'e dose, 
as large initial doses diminished or abolished a subsequent response. With the 
dosages used, such a weakening was not observ'ed with regard to the central effect. 

The reflectoric as well as the central lieart rate lowering effect were caused by 
the ester-alkaloid veratridine but not by either of the two products of its hydroly- 
sis, cevine and veratric acid. 

The authors wish to thank Dr. Rafael IMendez and Dr. Gordon K. Moe for the 
help they gave in some of the experiments. They also wish to express their 
appreciation to Mr. Henry W. George, William B. Kelly, and James G. Smith, 
whose technical assistance was indispensable for carodng out the cross-circulation 
experiments. 
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Tnorthocresj I phosphate became of interest to\icologicalIy m 1930 i\hen the 
ginger paralysis (or ginger jake) iias traced to the presence of tnorthocresj I 
phosphate as an adulterant m certain fluid extracts of Jamaica ginger Some 
interesting pharmacological properties of tnorthocresj I phosphate were sub 
sequently described (1, 2, 3) for example, 1) the latent period before paralytic 
symptoms de\ elop, 2) the uidely differing susceptibilitj of different species of 
animals, 3) the selective affinity of this compound for nerve tissues, and 4) the 
cumulative action of relativelj mmute doses over a prolonged time interval 
When recent technical developments indicated that tnorthocresj 1 phosphate 
maj have wider industrial applications, the problem of the routine handling of the 
matenal arose, and w ith it the question of toxic effects from chronic absorption 
through the skin Since skin absorption is presumably not of a large magnitude, 
the use of a radioactive tracer appeared to be singularly useful m attempting to 
answer the questions — How much triorthocresj 1 phosphate can be absorbed 
through the unbroken skin and how rapidly does this absorption occur? This 
problem has been attacked using tnorthocresj 1 phosphate containing radioactive 
phosphorus, and the absorption has been measured m 2 human subjects and 
in a dog 

Preparation of the triorthocresyl phosphate with radioactive phosphorus The 
tnorthocresyl phosphate containing radioactive phosphorus was prepared by Dr A Bell of 
the Synthetic Organic Research Laboratory o! the Eastman Kodak Company A sample of 
red phosphorus was bombarded by deuterons in the cyclotron of the University Phjsics 
Department This sample was diluted w ith inert red phosphorus and treated with sulfuryl 
chloride to make phosphorus trichloride which was converted to phosphorus oxychloride 
using potassium chlorate The phosphorus oxychloride w as distilled and added to sodium 
cresylate m benzene The product m benzene was washed with dilute alkali, acid, bi 
carbonate and water The benzene w as removed by distillation under reduced pressure on 
the steam bath The resulting tnorthocresjl phosphate (slightly colored) represented a 
yield of approximately 30 per cent 

Sktn absorption in humans Two subjects applied weighed amounts of 
tnorthocresyl phosphate contammg marked phosphorus to the palms of both 
hands and rubbed the matenal briskly until it w as evenlj distnbuted Subject 
S applied 0 22 g , subject HOllg at 8 30 am This sample of tnorthocresj I 
phosphate had a radioactivity of 395,000 counts per minute per 0 1 g , these 

^ This w ork was supported m part by grants from the Carnegie Corporation of New York 
and from the Rockefeller Foundation 


225 



226 


HAROLD C. HODGE AND JAMES H» STERNER 


counts were made on the scale of four Geiger-MuIIer counter (4), The triortho- 
cresyl phosphate was removed at 12 noon of the same day (3^ hours exposure) by 
washing the hands in appropriate solvents. Blood and urine samples were 
collected at the hours shown in tables 1 and 2, The rapidity uith which triortho- 
cresyl phosphate entered the blood stream was striking; subject S had 13 micro- 
grams of triorthocresyl phosphate per 100 cc. of blood at the end of one hour, 
subject H had 4 (table 1). These high levels were not maintained perhaps due to 
urinary excretion (table 2) or perhaps due to a fixation in the tissues. Thus, al- 
though detectable amounts were still present in the blood 24 hours later, no 
radioactivit3^ was found after 48 hours. The urinar^^ excretion of triorthocres}^ 
phosphate began prompt^; subject S excreted 7 micrograms in the first hour 
after application, subject H excreted 10. In subject S, the urinary excretion 
rate rose to a level of 35 to 40 micrograms per hour which rate continued for 
nearly 24 hours. In subject H, no such high values were found, instead the rate 
varied between 2 and 9 micrograms per hour during the first 24 hour period. 
Forty-eight hours following the application, triorthocresid phosphate was still 
being excreted at rates of 8 and 2 micrograms per hour in subjects S and H 
respectively. The excretion rate had fallen to 2 luicrograms per hour in subject 
S 72 hours after the application. Considering the small absorbing area, the 
total amounts of triorthocresyl phosphate excreted via the urine were surprisingly 
larg'e. Subject S excreted 797 micrograms of triorthocresjd phosphate, or 0.36 
per cent of the amount applied; subject H excreted 143 micrograms, or 0.13 per 
cent of the amount applied. 

Both the amounts of triorthocresyl phosphate absorbed through the palmar 
surfaces and the duration of the urinary excretion following a few hours contact 
are worthy of note. Smith, Engel and Stohiman (1) have shown that in chickens, 
triorthocresyl phosphate has a marked cumulative action . They found that ^The 
daily ingestion of very small, and in themselves ineffective doses, of triortho- 
cresyl phosphate over a period of days is certain to give rise to flaccid paralj'sis.’^ 
There is no way of knowing whether dailj^ exposures of the order tested in this 
experiment would by cumulative action result in the syndrome of “ginger pa- 
rab^sis” in man. However, the danger from skin absorption is plain and precau- 
tions should be taken to protect workmen who handle triorthocresyl phosphate 
routinely. 

Shin ahsorption in a dog. A suitable area on the abdominal surface of a 10.5 
kg. female dog was prepared on the day preceding the experiment b}^ clipping the 
hair and then appl3dng a depilator3\ At 8:45 a.m., March 5, 1941, an area 
roughly rectangular, 15 x 20 cm,, and located with about 3 of the area anterior to 
and J posterior to the xiphoid was coated with triorthocresyl phosphate con- 
taining radioactive phosphorus. The triorthocresjd phosphate was applied with 
a earners hair brush and was not rubbed in. The triorthocresyl phosphate was 
rinsed from its container ndth a small portion of the same material (not radio- 
active). The total amount of triorthocresyl phosphate applied was 2.094 g. 
which contained 5,575,000 counts per minute of radioactive phosphorus. ^ Since 
it was necessary to keep the dog quiet, nembutal in solution was administered 
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from tmie to time as needed Thirtj-five hundred cubic centimeters of a 2 \ 
per cent dextrose in Rmger’s solution in as given h> podermically at 11 45 a m 

TABLE 1 


Blood leieh of irtOTthocresyl phosphate in humans following its application to the palms of the 
hands 


DATE 

BOUK 

XABIOACnVITIf COOSTS 
PCT MIN «« 10 CC 
blood samfls 

% DOSE 100 CC 

SLOOD 

UICKOCKAUS T CJ FEB 
100 CC BLOOD 

Sobject 

s* 

S.b|fO. 

Su^ect 

Su^ect 

’ Subject 

Su^cct 



epm 

cptn 

X JO* 

X J5* 

■y 

7 

3/5/41 

8 30 a m 

TCP applied tc 

1 palms of hands 




9 30 a m 

1 1 1 

0 7 

0 52 

0 40 j 

13 

4 


11 45 a m 

0 4 ; 

0 

0 22 


4 



3 45 p m 

0 2 

0 3 

0 01 

0 IS 

2 1 

2 


8 30 p m 

0 

0 





3/6/41 

9 15 a m 

1 4 

0 5 

1 1 

0 68 

21 

7 

3/7/41 

9 00 am 

1 

0 1 






* Subject S applied 0 22 g of tnorthocresyl phosphate to palms 
t Subject H applied 0 11 g of tnorthocrcsjl phosphate to palms 


TABLE 2 


Urinary excretion of tnorthocresyl phosphate in humans following its application to the palms 
of the hands 


DATE 

collection nouES 

badioactivitv 

COUNTS FEB. UIK 
FEB WHOLE UBINE 
SAUPLE 

NICBOGIAUS T C P 1 
EXCKETED | 

BATE OF EXCBETtOH 
OFTC^ 

1 Sub^'Ct 

Subject 

Subject 

S 

Su^ect 

Sul^ect 

Subject 

11 



tpm 

(pm 

V tm 

7 tm 

y/kr 

y/kr 

3/5/41 

8 30 a m 

1 TCP applied to palms of hands 



8 30-9 30 a m 

29 1 

38 j 

7 

1 

7 

10 


9 30-11 45 a m 

115 i 

56 1 

37 

: 14 I 

16 

7 


11 45 a m - 3 45 p m 

587 

66 1 

148 

17 

37 

4 


3 45- 8 30 p m | 

327 

40 1 

83 

10 j 

17 

2 


8 30 p m “12 m 

477 

162 

120 

41 

34 

9 

3/6/41 

12 m -7 00 a m 

1180 

157 

290 

40 ; 

43 

8 


7 00- S 30 a m 

47 


12 

j 

8 


3/7/41 

9 30 pin-6 30am 

282 


71 


8 



2 00- 7 00 a m 


43 


11 


2 

3/8/41 

10 30 p m - 8 30 a m 

70 


19 


2 



and 500 cc mtrapentoneallj at 10 30 pm Blood samples (25 cc) were col 
Iccted at inter\als during the experiment, bladder unne samples N\ere obtained 
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by catheterization for the periods between blood samples. The dog was sacri- 
ficed by exsanguination at 10:00 a.m,, March 6, 1941 (25J hours after applica- 
tion), and the blood and various tissue samples taken. Some of the tissue 
samples were ashed ^th fuming nitric acid, others were dissolved in a 10 per cent 
NaOH solution. The samples were counted on a Geiger-Muller counter, and, 
from simultaneous counts on a standard aliquot of the triorthocresyl phosphate, 
all counts were calculated to a zero time point for comparison. 

The blood level (table 3) of triorthocresyl phosphate established itself with 
extraordinary promptness at about 8 xnicrograms per 100 cc. by the end of the 
first hour and maintained itself at this level during the ensuing 24 hours. The 
values varied only from 5 to 10 micrograms per 100 cc. (average 8 micrograms per 
100 cc.) of blood and are of approximately the same order of magnitude as the 
triorthocresyl phosphate levels observed in the human tests in which all the 
values except one fell between 2 and 13 micrograms per 100 cc. (average — 8 
micrograms per 100 cc.). 

TABLE 3 


load levels of triorlhocresyl phosphate in a dog foUovnng Us application to the abdominal 

surface 


DATE 1 

HOUR 

XADIOACTTVITY 
CODKTS PER UtK. 
PER 2S CC. BLOOD 

sample 

% DOSE or T.c.p. 
PER too CC. BLOOD 

micrograms t c.p. 

PER lOQ CC. BLOOD 



\ 

% X j 

T 

3/5/41 

8^45 a.jn. 

T.C.P. applied to surface of abdomen 


9:45 a.ro. 

21 

1 0.38 

1 ^ 


10:45 a.tn. 

14 

1 0.25 

! 5 


3:30 p.m. 

25 

0.46 

10 


9:30 p.m. 

0 



3/6/41 

, 10:00 a.m. 

24 

0.44 

9 


The urinary excretion of triorthocresyl phosphate in the dog began equally 
promptly; in the first hour after the application, 44 micrograms were excreted 
(table 4). The excretion rose to a maximum of 1312 micrograms during the 
3:30 to 10:00 p.m. (6| to 13| hours after application) period and fell somewhat 
to 1097 micrograms during the succeeding 11 hours. An increase in the urinary 
excretion of phenols, free and total, has been observed in cats (1). The urinary 
excretion rate, initiallj’^ about 35 micrograms per hour, doubled during the second 
hour, trebled during the succeeding 6 hours, increased to six-fold in the next 6 
hour period and finally decreased to a three-fold level by the end of 24 hours 
The total triorthocresyl phosphate excreted was 2953 micrograms or 0.14 per cent 
of the amount applied. This is almost exactly the dose percentage excreted by 
subject H. in the human test and only one-third of the percentage excreted by 

Only a rough comparison of the absorption of triorthocresyl phosphate through 
human palmar skin and skin from the abdominal area of the dog is permissible 
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from the data However, it is interesting to note that altliough the duration of 
contact in the human experiment -was only about 15 per cent that of the dog ex- 
periment, and the human area treated only about f that of the application area of 
the dog, the rapidity of transfer through human palmar skm appears to be about 
ten times faster than through the abdominal dog skm This difference is further 
accentuated if, m addition, the amounts applied are considered (dog, 2 1 g , 
human, S — 0 2, H — 0 1 g ), with human palmar ‘skm apparently transferring 
tnorthocresyl phosphate about 100 times more rapidly than does dog skm 
The distnbution of tnorthocresyl phosphate in the tissues (table 5) show s that 
certam tissues have special abilities to fix this substance As w ould be expected, 
the skm of the area treated, from the surface of which the applied tnorthocresyl 
phosphate was removed b\ repeated and prolonged washings with alcohol before 
excision, was found to contam relativelj large amounts of radioactive matenal 
(73 micrograms per g of skm) The underl^ung fascia and superficial muscles 
contained only 3 micrograms per gram, and the omental fat 2 micrograms per 

TABLE 4 


t/rtnory txcrthon of tnorfftocrcsyt phosphate m c dog /olJowiTig i(8 apphcaiton to the abofomtnaf 
sJtrface 


DATZ 

1 

cottEcrios nouis 

RADIOACTIVITY 

TCP 

i:XCRETED 

lATE 07 
EXUETtOV 

Of tor 

Court ts/m n 
per wno5e 
uiiae 

% dose per 
Whole urute 



fpm 

X ifl‘ 

7 

yfkr 

3/5/41 

S 45-10 00 a m 

118 

0 21 

' 44 

35 


10 00-10 50 ajn 

166 

0 30 

62 

75 


lOSOam-SSOpm 

1155 

2 1 

437 

94 


3 30-10 00 p in 

3495 

6 3 

1312 

202 

3/6/41 

10 00 p m - 9 00 a m 

2924 

5 2 

1097 

1 100 


gram The only tissue wath more tnorthocresjl phosphate than these was the 
liver with 5 micrograms per gram This evidence of the role of the liver m 
handlmg and perhaps detoxifying tnorthocresyl phosphate, is in accord with the 
finding of Lillie and Smith (2) that “fine droplet fatty degeneration” occurred in 
centrolubular areas m certam cats with vanous degrees of chronic poisoning 
The other viscera examined had 0 3 to 0 9 micrograms of tnorthocresyl phosphate 
per gram Muscle contained 0 49 micrograms per gram and femur 0 18 micro 
grams per gram Because tnorthocresyl phosphate has been shown from human 
symptomatology and from histological studies on cats (2) to have marked 
neurotoxic actions, it was of special mterest to examine the bram, spinal cord and 
one of the peripheral nerves, the sciatic The bram contained 0 2 micrograms per 
gram, the spmal cord — 0 3 micrograms per gram, and the sciatic nerve 0 2 micro- 
grams per gram of tnorthocresyl phosphate The«e figures are of the same 
magnitude as those for heart, spleen and muscle and somewhat higher than that 
for the femur 
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The indication from this comparison that the nerve tissues have unusual 
affinity for triorthocresyl phosphate is not self-evident but it becomes plainer if 
the distribution of disodium acid phosphate into the same tissues is used as a 
basis. In rats (5, 6), mice (6, /), and rabbits (6), it has been shown that this 
inorganic phosphate regardless of the route of administration, appears in largest 
amount in bone. The viscera, such as liver, heart, lung, and kidney, usually 
contain only one half, and frequently much less, as much marked phosphorus as 
the bone. Muscle and brain are usually low est and may have one-third or less of 
the marked phosphorus content of the visceral organs, gram for gram. Thus, in 
the distribution of inorganic phosphate, the tissues arranged in order of per- 

TABLE 5 


Distribution of triorthocresyl phosphate %n the tissues of the dog $4 hours following its 
application to the abdominal surface 



■1 

KArtOACTl\*ITY 

TCP PER C 
TISSUE 

TISSUE 

— 


^0 dose per g 
ttsstie 

SUn* 

r 

33 0 

tPm 

8775 

x/tr 

0 47 

r 

73 

Fasciaf 

47 0 

497 

0.019 

f 3 

Fatt 

47 0 

393 

0 015 

2 

Liver » 

340 3 

5720 

0 030 

5 

Blood 

300 cc 

14S7 

0 009 

1 

ICidney 

55 4 

173 

0 006 

J 0 9 

Heart 

81 0 

95 

0.002 

0.3 

Lung 

116 S 

2S2 

0 004 

0.7 

Spleen 

22 8 

14 

0.001 

0 2 

Muscle§ 

224 0 

317 

0 002 

0 4 

Femur 

50 0 

17 

0 0006 

0.1 

Brain 

69 4 

39 

0 001 

0.2 

Spinal cord 

5 2 

5 

0 002 

0 3 

Sciatic nerve 

10 0 

6 

0 001 

0 2 


* Abdominal skm from the site of the triorthocresyl phosphate application 
t Fascia and superficial muscles underlyang the area of application 
t Omental fat 

§ A sample of the triceps femons 

centage of the dose picked up per gram of tissue are as follows; visceral organs, 
bone, muscle, brain. In the tnorthocresyl phosphate distnbution, a similar 
comparison of the tissues is as follons: visceral organs, muscle, brain, bone. 
Since inorganic phosphate is found onh' m traces m bone, the assumption seems 
valid that little or no hydrolysis of the triorthocres 3 d phosphate occurred either 
before or after absorption. This is important since on this evperimental ev idence 
it can be argued that the marked phosphorus found m ^ arious tissues and in the 
urine nas triorthocresyl phosphate, or at least, not an inorganic degiadation 

product , T r 

To return to the question of the affinity of triorthocresyl phosphate for nene 
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tissue, it ma} be seen from table 5 that the brain contained 0 2 micrograms per 
gram, the spinal cord— 0 3, and the sciatic nei \ e — 0 2 This is as much or more 
than that found in the heart — 0 2 micrograms per gram 24 houi-s aftei a do^c of 
inorganic phosphates (5), the heart has been knoun to contain about twice as 
much marked phosphoms as the brain Thus, the selection b\ the bram and 
other nerve tissue of triorthocresjl phosphate appears to be greater than occurs 
w ith the inorganic phosphates This is in line w ith the predominately ncurotoMC 
action of tnorthocresjl phosphate 

Acute ioxjcity m mice Data (1) on the acute toMCity of tiiorthocresvl phos 
phate for rabbits, guinea pigs, chickens, cats, and dogs aie available The rat 
has been found to be aUpical and highU re'^istant to the paralssis caused bv this 
compound To check the latter observ ation, si\ female 90 g rats were given in 
trapentoneallj a dose {5 cc per kg ) of tnorthocresyl phosphate (largei than the 
fatal dose in mice) and no toxic effects w ere noted The possibility of the use of 
mice as expenmental animals led to the determination of the mean lethal dose 
(L D 50) in mice 

Ninety six joung albino mice, average weight about 20 g , v\cre given graded 
doses of tnorthocresj 1 phosphate mtraperitoneallj Groups of 24 mice were 
treated as shoum in table G The number dead on each of the first foiii davs is 
indicated The L D 50 was found b> the method of Bliss (S) to be 0 05G cc for 
the av erage mouse or 2 8 cc per kg Tw o significant points are found 1) trior- 
thocres> 1 phosphate is onU | to -5*^ as toxic for mice as for cats, dogs, rabbits etc , 
and 2) the lethal effect does not appear promptlv Almost J of the mice killed bj 
0 07 cc died on the third daj and 5 of the 21 killed died on the 4th daj This 
delaj IS in line vnth the similar action on other animals and was more or lesa ex 
pected A few mice exhibited the flaccid paralvsis of the hind legs frequently 
described m other ammals Tw 0 such mice are '»hown in figure 1 The absence 
of a regvilacly occurring paralysis in mice made the u<^e of this species m skin ab 
sorption studies impractical 

Discussion The above studies were made following a proposal that tnor- 
thocresj I phosphate be used m an industnal operation which if carried on in the 
usual manner, would involve a frequent and considerable skin contact bj the 
operators The following information, obtained from the literature on the 
subject mdicated that there might be a real hazard mvoh ed, but no definite data 
were available as to the magnitude of absorption through the human skm, — a 
crucial factor m ei aluating the hazard 

1) The amount of triorthocrcsjl phosphate which will cause poisoning al 
though not defimtelj defined, is apparently relatively small Smith (3) states, 
“judging from the chicken experiments, as little as 2 grams of the poison and 
possibly less might hai e been sufficient to cause a moderate degree of paralysis m 
man ” Von R Staehchn (9) m reporting a series of cases of paralysis following 
the ingestion of a cheese cake contaminated with tnorthocresyl phosphate es- 
timated that as little as 0 15 grams produced poisoning, 0 5 to 0 7 giams severe 
poisoning 

2) The cumulative action of tnorthocresy 1 phosphate as demonstrated in the 
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chicken is striking. Smith et al. (1) report, ^‘the daily ingestion of very small, 
and in themselves ineffective doses, of triorthocresyl phosphate over a period of 
days is certain to give rise to flaccid paratysis of the extremities, provided that the 
total dose ingested approaches its minimum paralyzing dose.’^ 

3) Absorption of triorthocresjd phosphate through the ear canal skin of the 
rabbit, sufficient to cause death after 4 to 17 days was demonstrated by Gross 
and Grosse (10). 


TABLE 6 


Acxtlc loxicity of triorthocresyl phosphate in mice — inlraperiloneaX injection 


NO. OF MICE 

DOSE 


NO 1 

DEAD 


% MORTALITY 

Day 1 

Day 2 

Day 3 

Day 4 


CC. 






24 

0.01 

0 

0 

0 

0 

0 

24 

0.05 

0 

3 

1 

! 3 

29 

24 

0.07 

2 

7 

7 

5 

87 

24 

1 0.10 

0 

20 

3 

1 

100 



Fjg. 1. Two AIice Givev 0.07 cc. of TaxoRTUOcREsvL Phospxiate 

The weakness in the hind legs is apparent. In the mouse on the left the front legs were 
also weakened to the point where the body weight was supported only with difficulty. 

4) Triorthocresyl phosphate is not an active primary skin irritant, nor does it 
produce cutaneous sensitization, so that workmen handling the material would 
judge it to be innocuous. 

5) The character of the sjmdrome produced by the absorption of triorthocresyl 
phosphate is such that the “subclinical” or marginal zone of the disease is ex- 
tremely difficult to diagnose and evaluate. This factor lessens the acuity of the 
medical examination in the industrial hygiene control program. In addition, 
there is no laboratory examination which mil indicate absorption of small 


SKIN AB'=?ORrTION OF TniORTHOCRES'lI rHOSPir\TE 


233 


‘imounts of trlo^thocres^ 1 phosphite, or eirh rexei-giblc functional changes due 
to its ab<«orption 

The demonstration in tliesc studie's of on appreciable absorption of trioitho 
cresjl phosphate througli human palmar skin (as shown bj an excretion on one 
subject of 0 36 per cent follow mg exposure to onU 0 2 cc for 3^ liours) emphasizes 
the need for pre\ enting skin contact m occupational situations requiring a con- 
siderable or repeated exposure to that compound In the instance w hich initiated 
these studies as origin all j proposed, an industrial operation necessitating re- 
peated skin contacts with triorthocresjl phosphate, it was recognized that a real 
hazard existed, and the operating procedures were finally changed so as to 
eliminate this dangerous factor Since the compound does not irntate the skin 
and has such an insidious effect after absorption, w orkmen exposed to tnortho 
cres\ I phosphate must be adequatel} instructed as to the hazard im olved The 
supervision must be conv meed as to the senous nature of the problem, and must 
constantlv enforce the regulations set up to prev ent skin contamination if a safe 
and healthful working environment is to insured The use of the radioactive 
isotope permitted the demonstration of absorption of tnorthocresv 1 phosphate 
through the human and dog skin with an acuitv, ease, and urefutabilitj not 
possible b} other methods 


CONCLUSIONS 

1 Tnorthocresv 1 phosphate containing radioactive phosphorus was absorbed 
through the palmar skin of human hands and through the abdominal skin of a dog 

2 Blood levels of tnorthocresv 1 phosphate (av erage 8 micrograms per 100 cc 
of blood) were found m the 24 hours follow mg the skin application 

3 Urinarj excretion of triorthocres> 1 phosphate amounted to 0 1 and 0 4 per 
cent of the dose applied to human skm in 2 cases, and 0 1 per cent in the dog test 

4 Tnorthocresj 1 phosphate was distributed m the v anous tissues of the dog, 
the retentions were in the following order, visceral organs, muscle, bram, bone 

5 In an acute toxicitj test on mice, the dose required to kill the av ernge mouse 
was of the order of 0 28 cc per kilogram bodj weight 

G The magnitude of ab'?orption of triorthocres 3 1 phosphate through human 
skin 13 such that a real hazard exists in mdustnal operations permitting a con 
siderable or repeated exposure to this compound A safe mdustnal hygiene 
control requires that measures be taken to prev ent such skin contact, and that all 
workmen exposed to the compound be instructed as to the hazard, and the 
necessitj for preventing skin contamination 

The authors grateful 1> acknow ledge the assistance of Dr C F H Allen of the 
Eastman Kodak Companj , of Dr Stafford L Warren, and John F Bonner, Jr of 
the Radiologj Department of the School of Medicine and Dentistrj , of Dr 
Gustav Kuerti of the Phjsics Department of the Univcrsitj of Rochester, who 
prepared the radioactive isotope, of Jack Gaiidmo and of Raj Kcsel 
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Respiratory plunulants often produce both an increase in depth and rate of 
respiration, vnile depressants produce m some cases the reverse The purpose 
of these expen ments was to ascertain how such effects ivere produced and the 
site of action of the vanous drugs The effect of an> dnig on the respiration 
might be modified by its action penphcrallj or on higher portions of the ner\ous 
sjstem Consequently an endeavour "was made to separate reflex effects from 
central ones 

The vago pulmonary reflex The technique employed m as essentially that 
of Ferguson (1) The rabbit w as under light urethane or chloralose anaesthesia 
A difference between these anaesthetics could not be recognized The effect of 
inflation or deflation was recorded w ith a gasometer recorder Change in respira 
torj rate was obtained bj measuring under a hand Ie\ er uith a transparent scale 
graduated in 0 5 mm two respirator cjcles pnor to and after the pressure 
change was made The change was expressed in % of the prececding rate 
Also an attempt was made to match the change produced by anj drug bj vary 
mg the inflation or deflation pressure For example, m one expenment a plus or 
minus pressure change of 1 cm water produced percentage changes almost idcnti 
cal mth 3 era after mketh amide (coramme) had been given 
Normally the respiratory rate is increased b> deflation and decreased by 
inflation A characteristic result wath the same pressure change of ±3 cm , 
were before cocame —19 and +48%, after —8% and +11%, before morphme 
-15 and +23%, after -33% and +98% 

All drugs were tested as the initial drug administered in at least two expen 
ments m doses known to produce a marked change in respiration, but in any 
experiment depressants and stimulants were frequently gi\en alternately and 
doses had to be vaned in \ lew of the state of the animal However, the results 
on these reflexes were the same and all tests may be considered together Co 
came, metrazol, ether nikethamide, picrotoxin, strychnine, nicotine and cyanide 
increased respiratoiy rate and ventilation and decreased both reflexes in all 
cases, with the exceptions noted below, while morphine, barbitone and chloral 
made these reflexes more effective In some cases the changes produced on the 
reflexes were too shght to be measured, these are not considered 
The exceptions are illununating Nicotine 0 Oi jngm /kg produced such a 
short hved increase in rate that an effect could not be shown Witli 0 025 
mgm /kg the result was the normal one reported above Larger doses, oxer 
006 mgm /kg , produced a decrease in respiration and then the reflexes xxere 
more effectixe instead of less so So, too, cyanide m doses about 1 3 mgm /kg 
235 



236 


V. E. HENDERSON AND C. L. YI 


decreased respiration and made the reflexes more effective. In one case with 
cocaine where rate of respiration was decreased, again the reflex became more 
effective. 

It seemed that when the effect of a drug was to make the respiratory cells 
discharge more frequently, either due to effects on the chemoreceptors (smaller 
doses of nicotine or cyanide) or on the respiratory cells themselves, sensory 
impulses from the lungs had to be increased in intensity to produce their normal 
effects. 

In all the subsequent experiments the animal was enclosed in a body plethys- 
mograph and respiration recorded with a gasometer recorder. 

Chemoreceptor reflexes. As it was foimd impossible to be sure of the 
sinus nerve, and ligating out the region as done by Zunz and Tremonti (2) 
seemed inadvisable, the carotid was denervated by the section of the glosso- 
pharyngeal at its entrance to the skull. Vagus and depressor were both cut to 
remove reflexes from the aortic body. Effective doses of the stimulants whose 
action did not persist long, could be given before and after denervation, which was 
often done in two stages, glossopharyngeal before vago-depressor. Nicotine 
0.05 mgm. and cyanide 0.1 mgm. per kg., which increased respiratory rate some 
10-20% and ventilation 20-30%, had approximately the same effect when the 
glossopharyngeal was cut, but none when the denerv’-ation was completed. 
Their effect was then on the chemoreceptors. Nicotine 0.15-0.25 mgm./kg. 
increased frequency some 10% or more after denervation, but depth was in some 
cases decreased. With cocaine in doses up to 2.5 mgm./kg., there was usually 
(4 out of 6 case) a greater increase in rate and total ventilation before than after 
denervation. But no dose could be found which acted merely on the chemo- 
receptors. 

Nikethamide 6 mgm., metrazol 10 mgm., strychnine 0.5 mgm., caffeine 5 mgm. 
and picrotoxin 1-2 mgm. seemed to produce the same increase in frequency before 
and after removal of the chemoreceptors, but the increase in total ventilation 
was somewhat Jess. These doses decrease the h/ood carbon dioxide slightly and 
this may offset any slight effect of the drugs on the reflex mechanisms. 

The dose of morphine required to produce respiratory depression varied 
greatly from animal to animal and 3 mgm. to 12 mgm. were used. In some cases 
cutting the chemoreceptor afferents led to a temporary respiratory arrest if the 
effect of morphine had been marked. In one animal 3 mgm. of morphine de- 
creased respiratory frequency to an irregular 10 per minute. Giving pure 
oxygen had no effect, cutting the glossopharyngeal led to a decrease to 8 and of 
the vagodepressors to 6; after which respiration increased slowly to 9 with an 
even greater total ventilation than before denervation. Though it was evident 
that the anoxia secondary to the decreased ventilation offset in some cases and 
to a certain extent the depression produced by morphine, the main effect was 
on the respiratory cells. ^ 

Barbitone, 150-250 mgm., decreased respiratory rate 15-20%; givmg pure 
oxygen again decreased the rate by some 8% and volume 10%. Cutting the 
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glossopharyngeals and depressor decreased the rate 30%, but increased the total 
ventilation in two cases. 

Both morphine and barbitone decrease the rate of respiration in an animal 
with the chemoreceptors and vagus cut, but owing to their prolonged period of 
action quantitative comparisons could not be made. 

Ether increased the rate slightly, 2-3%, or not at all, after cutting the chemo- 
receptor afferents much less than before denervation. 

Carbon dioxide in 2% and 5% concentrations in a mixture containing at least 
21% of oxygen, increased the respiratory rate by 20% or more, but after cutting 
the chemoreceptor afferents the increase in rate was less. For example in one 
case 5% CO2 the normal increase was 50%, after cutting the glossopharyngeal 
40% and after cutting the vagodepressora only 11%. In no case did 2% CO2 
increase the rate more than a doubtful 1% (6 cases). In 6 cases with the af- 
ferents cut, 5% CO2 increased the rate only 2% or 3% or not at all, 10% then 
produced an increase in rate of 10-15%. The depth w’as in all cases greatly 
increased. 

Cerebral effects. The above-mentioned drugs were tested before and 
after decerebration by a cut through the brain stem above the red nucleus so as 
to avoid tonus changes. Their effect seemed to be quantitatively and qualita- 
tively the same as those in the animal under light urethane anaesthesia. 

As Loewy has shown that carbon dioxide as a respiratory stimulant was less 
effective after morphine, its effect on the respiratory cells might be regarded as 
that of decreasing the sensitivity of the centre to carbon dioxide. Consequently 
a considerable number of arterial blood CO3 analyses were carried out. Morphine 
in the small doses used and dependent upon the change in total ventilation, 
increased the blood CO2 from 2-7%, The respiratory stimulants, nikethamide, 
metrazol and nicotine, all decreased the blood CO2 and again there was a rough 
parallelism between the fall of CO2 and ventilation. Cocaine, however, was an 
exception in that while it might increase rate greatly, the depth was decreased 
and in many cases while total ventilation was increased, alveolar ventilation 
obviously decreased as the blood CO2 rose, often 1-3%. As estimates had been 
made of the dead space in rabbits which showed that it varied from 4-5 cc., 
largely dependent on the bore of the trachea, calculations of alveolar ventilation 
from the tracings again showed a decrease in alveolar ventilation in these cases. 

Further, if animals were given 2% of CO2, 21-23% oxygen and nitrogen to 
inhale, blood CO2 often rose but slightly — out of 12 experiments less than 1 cc. 
in 4; less than 2 cc. in 6; less than 3 cc. in 8; over 3 cc. in 1; over 4 cc. in 2; and 
over 6 cc. in 1. The normal blood carbon dioxide varied from 35-60 cc., mostly 
about 45 cc. Yet even in those cases where compensation was most perfect and 
the respiratory cells were highly active, a decrease in blood COa was produced by 
nicotine 0,1 mgm., metrazol 10 mgm. and nikethamide 5 mgm. Cocaine in the 
fourth led to a rise in CO2 of 1.3%. Certainly the increase in rate with cocaine 
does not seem to depend on increased sensitmty of the centres to CO2. 

As further we have found that no increase in rate of respiration was produced 
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by 2% CO2 when the chemoreceptor afferents and vagus are cut, wliiie great 
increases, 60-70% or more, could be produced by such doses of the respiratoiy 
stimulants as mentioned in the preceding paragraph, it seems hardly likely that 
the effect of the drugs on respiratory cells is due to increased sensitivity to COz 
alone. 

Carbon dioxide blood concentration affects depth more than rate and the in- 
creased rate of ventilation produced by the respiratory stimulants does not 
apparently lead to as great an increase in alveolar respiration as it might do were 
not the blood level of carbon dioxide reduced. It is, indeed, characteristic of the 
tracings that the increase in depth in the ffrst few respirations decreased rapidly, 
though this may be due to decreasing concentration. 

Discussion. Some of the facts presented are but confirmations of the ob- 
servations of others, usually in another animal species. The effect of small doses 
of cyanide and nicotine on the chemoreceptor has been made by Heymans (7); 
Comroe and Schmidt (8) ; Winder, Winder and Gesell (9) ; and the central effect 
by the latter. Marshall and Rosenfeld (10) have shown that the chemoreceptors 
aid in maintaining respiration after morphine; Beecher and Moyer (11) have 
shown the same for certain of the barbiturates. 

The conclusion that nikethamide does not act on the chemoreceptors differs 
from the opinion of Zunz and Tremonti (2). 

The precise central cells affected cannot be stated with certainty, the nucleus 
of the tractus solitarius might be involved, but in the denerved animal this seems 
improbable. Though Koll (4) has presented evidence that metrazol acts on 
the anterior horn cells or the adjacent connector ceOs in the path of the pyramidal 
tract, such a site can hardly account for an increase in rate. 

The base line of the tracings with the same dosage of any drug never seems to 
rise so abruptly after deneiw’-ation as before. This may be due to changes in 
balancfe of activity betw^een the expiratory and inspiratory cells, or more probably 
is due to a change in the tonus mechanism w^hicb, as Schoen and Hempel (5) 
have shown, may occur even during a period of respiratory arrest, and indeed 
the change sho^vn with nikethamide resembles what these authors describe as 
drugs producing the increased tonus type. 


SUMMARY 

L Evidence is presented in this paper that the stimulant drugs, cocaine, 
nikethamide, metrazol, nicotine, cyanide, picrotoxin, str^^chnine and caffeine, 
in appropriate doses, produce an increase in respiratory rate by acting on the 
respirator3’^ cells. 

2. That the depressant drugs, morphine and barbitone, decrease respiratory 
rate by acting again on the respiratory cells. 
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Introptjctiok. It has been found (1) that in dogs subjected to shock induced 
by hemorrhage, and in animals in anoxic anoxia, tissue cocarboxylase becomes 
dephosphorylated. The administration of thiamin to shocked animals results 
in resynthesis of cocarboxylase. 

Ochoa (2) has shoTO that avitaminous pigeon liver, in slices, dispersions, or 
brei, can s^mthesize cocarboxylase from thiamin under aerobic conditions. He 
also found that the preformed tissue cocarboxyiase remained constant for several 
hours if the tissue were incubated in oxygen at 28°, u’hereas if the atmosphere 
was changed to one of nitrogen, the cocarboxylase became hydrolyzed, probably 
by a phosphatase. A number of intermediate reactions may be involved but 
the final result may be summarized as follows: 

Ns 

Cocarboxylase ^ thiamin + phosphate (or thiamin monophosphate) 

Os 

This would seem to indicate a balance between synthesis and hydrolysis of cocar- 
boxyiase, aerobic conditions favoring synthesis, and anaerobic conditions in- 
creasing hydrolysis. 

Since Ochoa’s tn mlro experiments seemed to parallel our tn vivo work, we re- 
peated his experiments, using however normal rather than avitaminous livers 
of both pigeons and rats. We were able to obtain results with pigeon liver slices 
and homogenate which were identical with those of Ochoa. Rat liver homo- 
genate, however, was found to hydrolyze cocarboxylase even aerobically, con- 
trary to the results with pigeon liver. 

After experimentation, it was determined that this difference was due to the 
state of division of the tissues, rat liver being more fragile than pigeon liver. 
If pigeon liver is sufficiently damaged, it can be made to behave as does rat tissue. 

The experiments which led to this conclusion are described in this communi- 
cation. 

Experimental. Young albino rats bred at the laboratory were used. For 
experiments vith pigeons those of the common variety which were apparently 
in good condition were obtained. 

1 The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Vanderbilt University. 

This paper was released for publication on June 17, 1943. 
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Homogenized tissue ^v as prepared m a modified Potter and Elvehjem apparatus 
obtained from the Scientific Glass Apparatus Company 
The final concentration of thiamin was 100 7 per cubic centimeter, and that 
of sodium pyrophosphate, 0 01 M In most experiments Ringer phosphate 
buffer ^^as used, but in a feu experiments (Table IV) bicarbonate and barbital 
buffers were u«!ed These did not modifj the results appreciablj 
Expenments u ere usually earned out in Warburg manometers the i essels of 
which had a capacitj of about 30 cc Occasionallj anaerobic experiments were 
done m Thunberg tubes The temperature was 37®C in all cases At the end 
of the expenmental penod the \essels containing the tissue were placed in ice 

TABLE I 
Piffeon liver 


Tissue was suspended in 2 cc Itinger phosphate buffer pH 7 5 




COCAIBOXYLA5E IN y PEK ClAU TKESH TISSUZ^ 

TISSUE 

CAS 

Suit 


After 60 

m autes 




1 No Add t on 

Th im n 

Pyrophosphsle 

Thiun i» 4- 
p/TOpbosphate 

500 mg sheen 

1 

; 0 , 

6 4 

i 

6 0 

1 

7 6 




N» 

6 4 

3 0 

3 8 



500 mg homoge 

! Oi 

9 8 

9 0 

S 1 

9 1 

11 2 

Date (1 mm ) 

0* 

5 3 

5 0 

5 6 

4 6 

8 0 


Nt 

6 3 

2 0 

3 4 

4 6 

5 2 


Oi 

10 9 

10 S 

10 4 

9 4 

13 8 

250 mg slices 

0* 


0 2 

14 6 

9 6 

18 6 


Ni 

HjfB 

6 8 

8 2 

10 1 

10 6 

225 mg shces 

0* 

11 8 

9 3 

13 8 j 

11 4 

13 4 

200 mg slices 

Oi 

9 5 

11 0 

18 2 

12 6 

11 6 

1 

300 mg slices 

Ns 

10 3 

8 5 

8 2 

6 3 

6 4 


In the expenments m which homogenate was used the tissue suspension was 
washed as quickly as possible into centrifuge tubes diluted to 10 cc and heated 
at 100®C for 5 minutes to destroy the enzjnnes In the case of experiments w ith 
shces the tissue was homogemzed, then treated as desenbed above The 
denatured tissue suspensions were centrifuged and the supernatant fluid used 
for cocarboxylase determmations Cocarboxylase was determined bj a mano 
metnc method, using the spht enzyme prepared from j east bj the method of 
Green etal (3) 

Results and discussion On repeating Ochoas experiments we obtained 
results identical with his, both aerobicall} and anaerobicall> if shces of pigeon 
liver were used or if the tissue was homogenized for a short time onlj (Tabic I) 



242 


W. M. QOVIER AND MARGARET E. GREIG 


li, however, the liver was submitted to prolonged homogenization (5 minutes), 
it was found that such tissue hydrolyzed cocarboxyla^e in an atmosphere of 


TABLE ir 

500 mg. homogenized pigeon liver in 2 cc. Ringcr-phosphaie buffer in atmosphere of oxygen 


i 

-TIUE or 

HOUOGENIZATION | 

i 

COCABBOXYLASE IN 7 J>ER CRAM IRESJl TISSUE 

Start 

After 60 min, intubation 

No addition i 

Thiamin 

Pyrophosphate 

Thiamin + 
pyrophosphate 

minuUs 


] 




- 1.5 

9.8 ' 

9.0 ’ 

8.1 1 

9.1 

11.2 

5.0 

9.S 

3.S 

3.0 

8,2 

8.4 

1 

' 10.0 

10. S 

10.4 

9.4 

13.8 

5 

1 10,9 

S.9 

8.1 

9.0 

8.3 


TABLE III 
lu'sr slices 

SHccs suspended in Ringer-phosphate buffer. Total volume 2.2-2.4 cc. 


WT. or TISSUE 

i 

! 1 

! 

GAS ! 

1 COCABBOXYtASE JK 7 EER CRAM FRESH TISSUE 

Start 

After 60 minutes 

No addition 

Thiamin 

Pyrophosphate 

Thiamin 4* 
pyrophosphate 

mf. 


■Hi 





500 

Oz J 


7.6 

8.9 




N, 

hBI 


7.2 



500 

O 2 

11.0 


■■ 

12.6 

20.0 

1 

Nr 

n.o 

. _ 1 


■Hi 

10.4 

13.4 

500 

Or 

13.9 

9,7 • 

21.7 

10.8 

24,2 

1 

] 

air 

13.9 

i 8.6 

13.4 

8.0 

12.8 

300 

Ns 

12.5 

11. 1 


14.6 

12.2 


Os 


14.2 


15.6 

23.2 

] 

air 


15.8 


20.0 

23.3 

300 1 

Ns 

12.4 

10.4 

8.8 

11.9 

' 10.4 

400 i 

Os 

17.0 

' 13,4 

18.9 

13,5 

21.0 

275 

Os 

14,2 

1 

11.6 

21.3 

8.2 

12.4 


oxygen which was the reverse of the results found in sliced liver or in liver sub- 
mitted to short homogenization (Table II). 

On carrying the studies further in the rat the same reaction was found in sliced 
liver hut even one minute homogenization of the tissue destroyed its ability to 
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synthesize cocarboxjlase from thianun in oxygen (Tables HI and IV) It was 
further observ ed that in rat h\er, which is very fiagile, it was difficult to make 
shccs without obtaining some degree of hydrolyrsis in control -vessels which did 
not contain thiamin or p\ rophosphate 

Thus one may sa\ that in general in relatu ely intact tissue in oxygen, syn- 
thesis of cocarboxylasc occurs, whereas m the same preparation m nitrogen 
hydrolysis takes place On the other hand, se^e^ely damaged tissue shows 
hy'drolysis of cocarboxy lase both aerobically and anaeiobically One may then 


TABLE IV 
Horrtoffenized rat hier 

500 rog homogenized i'll Ii\er in a totil volume of 2 4 cc 


CAS 

BUFFEK 

COCABBO}nXAS£ IN y PM CBAU MESH TISSUE 

Start 

! No aJditm 1 

Xfter 60 

Thiamia 

miautea 

Pytophos 
phate j 

Pjrrophos 
phate + 
thiamm 

air 

Bicarbonate 

22 4 

5 4 

5 2 



N. 

Bicarbonte 

23 4 

13 2 

14 8 



O2 

Binge r-ph os phate 

15 1 

1 

6 4 

I 

C 5 

9 8 1 

10 4 

K» 

Binger-phosphate 

18 0 

12 8 

10 4 


15 6 

•iir 

Barbital 

21 8 

12 6 

12 8 



N, 

Barbital 

21 8 

15 2 

18 4 



N, 

Ringer-phosphate 

IS 9 

14 6 

14 4 

16 6 

1 

16 7 

0, 

Ringer-phosphate 

1 

IS 3 

8 1 

10 5 

1 


hi 

Ringer-phosphate 

27 6 

14 2 

16 S 

17 2 

18 0 

Oa 

Ringer-phosphate 

18 5 

9 4 

11 0 

13 0 

16 2 

N, 

Ringer-phosphate 

15 5 

11 5 

12 0 

14 5 

14 1 

0, 

Ringer-phosphate 

13 G 

10 9 

12 8 

1 13 8 

14 4 


conclude that the ability' to synthesize cocarboxy lase would seem to depend on 
the integrity of the cell (or of some essential enzyme systems) as well as on the 
conditions for active o-adatn e metabolism 
This dilference between the beha-vnor m oxygen of slices and that of homo- 
genate may be seen graphically' in figures 1 and 2 In figure 1 the synthesis 
of cocarboxylase by sliced rat li\ er reaches a maximum m about two hours after 
which hydrolysis is the dominant factor As may be seen m figure 2, with 
homogemzed rat hver the rate of sy nthesis exceeds that of hy droly'sis during only’ 
the first fifteen minutes 
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As phosphate is an essential component of this reaction pyrophosphate was 
added alone and together rvith thiamin. It mil be seen that pyrophosphate 
has little effect on the synthesis of cocarboxylase by itself, but when a laige 
amount of thiamin is present it may greatly increase the degree of synthesis. 
It would seem that the giving of pyrophosphate might be indicated when large 
amounts of thiamin are being administered. 



Fig. h Synthesis of Cocarboxylase by Rat Liver Slices 



Fig. 2. Synthesis of Cocarboxylase by Homogenized Rat Liver 
SUIMMARY 

1. The synthesis and hydrolysis of cocarboxylase by pigeon and rat liver in 
several states of dispersion have been investigated. 

2. Ochoa’s observations, that pigeon liver slices and homogenate can syn- 
thesize cocarboxylase from thiamin aerobically and that the same tissue dephos- 
phorylates cocarboxylase anaerobically, have been confirmed. 



HYPH0LY61S AKD SYNTHESIS OF COCAHBOXYLASE 


246 


3. The addition of pyrophosphate mth thiamin to liver tissue may result in 
synthesis of cocarboxylase greater than that vhich occurs on the addition of 
thiamin alone. 

4. The amount of hydrolysis of cocarboxylase by liver tissue varies directly 
with the severity of damage to the tissue. 
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It has been observed (1) that serum contains no cocarboxylase. In our previ- 
ous studies on shock induced by hemorrhage we have administered cocarboxylase 
to dogs in shock, occasionally with very marked beneficial results, at other times 
with beneficial results similar to those seen after thiamin administration. While 
carrying out the analyses reported in the previous paper we confirmed the ab- 
sence of cocarboxylase in serum. The usual explanation of this phenomenon is 
that the cocarboxylase is dephosphorylated by an intracellular phosphatase and 
that thiamin alone, being more diffusible than cocarboxylase (2), then diffuses 
into the plasma. 

However, on investigating the hydrolysis of cocarboxylase in shock previously 
reported, we found that in most samples of dog serum tested a very active phos- 
phatase is present which hydrolyses cocarboxylase so that if any cocarboxylase 
did diffuse into the plasma it would be rapidly dephosphorylated. On this basis 
treatment of shock mth cocarboxylase would not be of greater benefit than 
therapy 'with thiamin. Some of the characteristics of this phosphatase are 
presented here. 

Experimental. Fresh dog blood was allowed to clot and the serum was 
separated by centrifugation. Barbital buffer at pH 7.4 was used unless other- 
wise stated. 

Buffer. Phosphate M/15, borate M/15, barbital M/20, all at pH 7.4 were 
tested. Three cc. serum, 3 cc. buffer or HaO and 1 ec. of cocarboxylase solution 
(40 7) were incubated in test tubes at 37®C. One cc. samples were removed at 
15, 30 and 60 minute intervals, diluted to 10 cc. and heated at lOO^'Cfor 5 minutes. 
Cocarboxylase determinations were done as described previously. The results 
are sho^vn in figure 1 . Barbital had no effect on the phosphatase activity, borate 
inhibited somewhat and phosphate inhibited considerably. 

pH. Tubes 'containing 1 cc. serum, 5 cc. barbital buffer at different hydrogen 
ion concentrations, and one mg. cocarboxylase were incubated at 37°C. One 
cc. samples were removed at 5, 15 and 30 minutes after the start of the experi- 
ment. The results are shown in figure 2. The activity of the phosphatase 
increased with increasing pH between 7 and 8.5. Above pH 8.5 the spontaneous 

»The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and Vanderbilt University. 

This paper was released for publication on June 17, 1943. 
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hydrolysis of cocarboKylase was such that an accurate determination of hydrolysis 
due to the enzyme could not be obtained 
Variation in activity of the phosphatase with concentration of cocarhoxylase. 



Fig 1. Effect op BtrpFEns on the Rate of Hydkoltsis of Cocarboxtlasb bt Serum 
Phosphatase 



Pio 2 Effect of pH ov the Rate of Hydrolysis of Cocarboxtlasb by Serum Phos- 
phatase 
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Tubes containing 3 cc. serum, 3 cc. barbital buffer and 1 cc. cocarboxylase solu- 
tion were incubated at 37 ®C. and one cc. samples were removed at 15, 30 and 60 
minutes after the start of the experiment. The activity of the phosphatase was 
highest with the highest concentration of cocarboxylase. It is possible that 

TABLE I 

Influence of concentration of cocarbozylase on rate of hydrolysis 

COCAlBOXYtASE 



Fig. 3. Effect of Adbeo Substances on Serum Phosphatase 

complete saturation of the enzjnne rvas not attained even at this concentration, 
but the results give some idea of the rate at which cocarbo^lase can be hydro- 
lyzed by serum. The rate of hydrolysis fell off more rapidly mth time in 
presence of the larger amounts of cocarboxylase. 
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Effect of added substances. Tubes containing one cc. serum, 3 cc. barbital 
buffer and 100 y cocarboxylase were incubated and one cc. samples were removed 
at 15 and 30 minutes after the start of the experiment. The results of such an 
experiment arc given in figure 3. Westenbrink et al. (3) found in studies of 
yeast phosphatase that the enzyme was inhibited by thiamin in fairly low 
concentrations. However, the serum phosphatase was not appreciably affected 
by’ thiamin in concentrations as high as 17 mg. per cc. Pyrophosphate in ,01 
M concentrations inhibited the phosphatase, and cyanide in .08 M inhibited to 
about the same extent. NaF (M/40) and CHCh (1 cc. saturated H20 solution) 
inhibited slightly. Figure 3 shows the effect of some inhibitors. Phloridzin in 
a final concentration of .01 M had no effect. 

SUMMARY 

1. Dog serum contains a phosphatase which hydrolyses cocarboxylase. 

2. Its actmty’ increases mth increase of pH from 7-8.5. 

3. It is inhibited by cyanide, pyrophosphate, and slightly by NaF and CHCIj. 
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Pentobarbital sodium and pentothai sodium find such extensive use in ob- 
stetrical practice that it is desirable to determine their effects on the fetus. The 
experiments reported here were undertaken to study the effects of these drugs on 
the respiration of the rabbit fetus, and to ascertain whether the effects are direct 
or are due to changes in oxygen saturation in the blood. 

Method and material. Rabbits were prepared for observation of fetal respiration by 
the technique of Rosenfeld and Snyder (6) , The respiratory movements of the fetuses were 
observed directly through the wall of the uterus following laparotomy carried out beneath 
the surface of a saline bath. The barbiturates were injected into the maternal ear vein at 
the rate of 1 cc. per minute, using a 5% solution in distilled water. 

In 8 litters, in which the depressant effect of pentobarbital sodium was studied, 21 fetuses 
were observed And 43 living fetuses were delivered at the end of the experiments. In 8 other 
litters, in which the effect of pentothai sodium was investigated, 20 fetuses were observed 
and 51 living fetuses were delivered. 

Observations, 1. Pentobarbital sodium. Direct observation of full-term 
fetuses within the intact uterus revealed a striking effect upon fetal respiratory 
movements followng the administration of pentobarbital sodium to the maternal 
animal. Depression or disappearance of respiratory movements was regularly 
noted. Furthermore, the magnitude of the decrease in rate of respiration and the 
duration of effect were related to the quantity of the drug which had been ad- 
ministered. At a dosage level of 20 mg./kg. maternal body weight, the depression 
of fetal respiration was marked, falling to one-third or less of the initial rate, and 
usually persisted longer than one-half hour. With 10 mg./kg. a decrease in fetal 
respiratory rate occurred but did not approach the level of apnea. Usually 
mthin fifteen minutes the rate returned to normal. After 5 mg./kg. the decrease 
was smaller and less prolonged than that following 10 mg./kg. In addition to the 
immediate response of the fetuses, it was evident that preceding doses, even of 5 
mg./kg., influenced the amount and duration of the depression of fetal respiratory 
activity which followed subsequent injections. Thus, in rabbit 307, fetal apnea 
followed a total dose of 20 mg./kg. (fig. 1). An initial dose of 5 mg./kg. resulted 
in a definite decrease in respiratory rate and, likewise, a second injection of 5 mg./ 
kg. slowed respiration. The duration of the respiratory depression was about ten 
minutes. An addition 10 mg./kg. dose, injected an hour later, resulted in fetal 
apnea and a slower rate of fetal respiration in the subsequent hour than in the 

1 Submitted in partial fulfillment of the requirements for the degree of Doctor of Phi- 
losophy at the University of Chicago. 
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preceding one, thus indicating a cumulati\e effect of the previous injections 
The maternal animal shoiiv ed a little analgesia folloi^ mg 10 mg /kg , although the 
respirator} rate was dimimshed After 20 rag /kg, the respirator) rate was 
considerably slower and the response to nasal stimulation was sluggish, although 
the conjunctival reflex remained active 

In table 1 are recorded the results of experiments in 8 litters of rabbits m which 
fetal respirator}'- actnut} continued throughout a penod of 100 to 200 mmutes 
Doses of 5 or 10 mg /kg of pentobarbital sodium w ere injected into the maternal 
ear vem at xanous inten-als, usually about 20 minutes apart Under these 
conditions, it w as found that at a dosage lex cl of 20 mg /kg fetal respiration was 
decreased below a lex el of one third of the rate xxhicb preceded injection, and the 
duration of depression x^ as usuall} thirty minutes or longer 



Fiq 1 The effect upon fetal respiratorj activity of pentobarbital sodium showing that 
depression deepens as total dosage nses Intravenous injection into maternal animal at 
full term at rate of 17 mg /kg per minute Habbit No 307 

The total dosage of pentobarbital sodium during an entire experiment did not 
exceed 30 mg /kg At this dosage lex el, rh} thmical fetal respiration \\ as 
markedl} depressed or abolished, and this effect persisted until the end of the ex 
penment The maternal animal show ed silightly greater depression than after a 
20 mg /Ivg dose 

2 Pentolhal sodium Obserx ation of the effect of pentothal sodium on the 
fetus afforded additional exidence of the stnking depre'^sion of fetal respirator} 
actinty follow mg the administration of a barbiturate, although pentothal sodium 
is inactivated b} the bod} more rapidl} than pentobarbital sodium In a 
typical experiment (fig 2, rabbit 41), it x\as exident that following pentothal 
sodium the rate of fetal re«:piration xxas markedly decreased, but the duration of 
depression was briefer than m the case of pentobarbital sodium About fixe 
nunutes following the injection of the second and third doses of 10 rag /kg each, 
respiratory movements had reached the pre injection lex el Despite the ad 
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ministratioix of a total of 45 mg./kg. of pentothal sodium mthin an hour, rhyth- 
mical respiratory movements persisted at the end of the experimental period of 

TABLB 1 

Bj'ect of penioharhiial sodium on inlraulerine respiraitort 
A single fetus of a Utter was selected for tabulation of the record of changes of re- 
spiratory rate. 


NtWBER 

, -nME OY 3N- 

jtrrioN or 

UATERNAI. 
ANUMt (itlH. 
ATtER 

LAlPASarOilV) 

DOSAGE or 

PENrOBASBI* 
TAL SODIUM 
rUTRA- 
VEHOUSLY 

TZTAX, 

BErORE 

tajECtlOH 

TtTAt 

, ■Rt.^.TTRAtlO'S 
ASTER 
INJECTION 

DURATION or 

respiratory 

DEPRESSION 

depressant 
DOSE (REST. 
DECR35ASED TO 
\ iHUtKt 
RATE) 

DURATION or 
EXPEStNENT 






min. 

mg./ki. 

mitt. 

307 

34 

5 

40 

20 


20 

m 


52 

5 

60 

20 





106 

10 

25 

5 

30 



463 

21 

10 

45 

5 

40 

10 

180 


122 

10 

25 

5 

50 



300 

22 

5 

50 

30 


20 

120 


3$ 

5 

45 

30 





48 

10 

25 

5 

10 




72 

5 

30 

5 

50 



382 

15 

10 

40 

25 


20 

200 


3/ 

10 

60 

20 

40 




88 

10 

10 

0 

40 


i 

604 

19 

10 

35 

25 ' 


30 

i 130 ' 


, 35 

5 

25 

10 1 





1 59 

5 

20 

^5 ; 


i 



I 82 

5 

25 

10 


1 



i 90 

5 

25 

5 

30 



710 

; 19 

5 

20 

16 


20 

140 


29 

6 

10 

10 





' 39 

5 

35 

10 





49 

5 

15 

5 

30 




84 

5 

5 

0 

25 



812 

13 

10 

30 

15 

30 

20 

120 

34 

10 

20 

5 




64 

10 

35 

15 

40 



733 

19 

10 

30 

15 

10 

20 

no 

37 

10 

20 

5 




1 62 

10 

20 

5 

40 j 




one and one-half hours, 
end of the experiment. 


The maternal animal showed little or no analgesia at the 
However, immediately following injection at the level of 
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20, 30 and 45 ing./kg., this animal showed marked slowing of respiration, and 
definite analgesia was revealed by sluggish response to nasal and conjunctival 
stimulation. After five minutes, depression of the maternal animal had largely 
disappeared. 

Table 2 records the results of experiments with 8 litters in which intra-uterine 
respiratory actuity continued for periods of 120 to 270 minutes. During this 
time the influence on the fetus of the various amounts of pentothal sodium was 
observed. Pentothal sodium, in single doses of 2.5 to 15 mg./kg. maternal body 
weight, was injected into the maternal ear vein at intervals of about fifteen 
minutes. Under these conditions it was found that a single injection of 10 mg./ 
kg. of pentothal sodium decreased fetal respiratorj' activity, the rate being 
lowered usually below a level of one-third that of the initial rate. Recovery 
required five to ten minutes. No marked analgesia of the maternal animal was 



noted following a single dose of 10 mg./kg. of pentothal sodium, although the 
respirator}’ rate w’as diminished. 

The total dosages in various animals ranged from 30 to 55 mg./kg. during an 
experiment. There w’as evidence of relatively little cumulative effect of pento- 
thal sodium upon the fetuses in contrast to that of pentobarbital sodium. At the 
end of an experiment, the fetal respiratory rate remained within normal limits. 
The outstanding feature w'as the brief duration of the depression of fetal respira- 
tion. 

3. The oxygenation and carbon dioxide content of fetal blood during apnea follow- 
ing the administration of pentothal sodium. The occurrence of apnea in the fetus, 
despite the persistence of normal respiration in the maternal animal following 
administration of barbiturates, afforded a favorable opportunity to determine 
whether or not the oxygen and carbon dioxide content of the fetal blood remained 
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TABLE 2 


Effect of 'pentolhal sodium on iniTauterine respiration 


KABBir 

KUKBEK 

DBTltESSANT 
DOSE (EESP, 
DECEEASEO TO 
J iNirrAt 
xate) 

PETAL 

EESPIRATION 
AX BEGINNING 

PETAL 

lESPlRATTON 
AFTER FIRST 
DEPRESSANT ; 
DOSE 

DURATION OP 
RESPIRATORY 
DEPRESSION 

TOTAL DOSE OT 

PENTOTHAt 

SODtUH GIVEN 

UATERNAL 

ANDtAL INTRA- 

VENOUSLY 

NUyiBER OP 
DOSES 

DURATION OP 

experiment 





min. 1 

ms./kg. 


mm. 

413 

■BB 

25 

0 

5 : 

40 

7 

170 

459 


70 1 

20 

5 1 

45 ! 

6 

130 

41 


45 

10 

5 

45 

4 

120 

439 

10 

35 

6 

! 10 

! 55 

5 

120 

467 

5 

i 20 

5 

5 

30 

6 

170 

753 

10 

35 

5 

5 

40 

4 

170 

453 

10 

25 

5 

10 

30 

6 

160 

431 

6 

40 

1 ^ 

5 

30 

12 

280 


TABLE 3 


Fetal blood oxygen and carbon dioxide during anesthetic apnea 



FETUS 

NUMBER 

TIME 

RESPIRA- 
TORY RATE 

OXYGEN 

capacity 

OXYGEN 

CONTENT 

OXYGEN 

SATURA- 

TION 

CARBON 

DIOXIDE 

CONTENT 

DOSE OP 
PENXOTHAL TO 
MATERNAL 
ANIMAL l.V. 



minutes 


rW. % 

rW. % 

% 


mg./kg. 

516 

F, 

0 

SO 

13 

11 

85 

51 




23* 






15 


F, 

27 

0 

12 

11 

• 92 

42 



Fj 

50 

72 1 

11 

1 

10 

91 

29 



B 

86 

20 

14 

13 

93 

41 



■I 

118* 






10 


D 

121 

0 

13 

10 

77 

30 


622 

Fa 

1 0 

40 

13 

11 

1 

I 85 

1 

: 40 

1 

20* 






15 


Fj 

25 

0 

13 

9 

69 

40 


412 

Fi 

0 

66 

15 

10 

67 

30 

15 


19^ 







i S'' 

21 

0 

13 

10 

77 

25 


690 

1 

1 Fi 

0 

28* 

30 

12 

10 

83 

38 

20 


Fi ' 

33 

0 

11 

8 

72 

37 



Fa 

50 

1 

11 

9 

82 

35 



Fi 

90 

1 20 

13 

11 

85 

36 

10 




1 




28 



^9 

1 ° 

13 

12 

92 



Injected. 
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normal during the interval of apnea. In order to obtain blood samples from the 
umbilical vein, the uterus was opened through a small incision and fetuses were 
extruded into the saline bath, the umbilical circulation remaining intact. The 
fetuses remained submerged beneath the surface of the bath so that no air en- 
tered the respiratory tract. The oxygen content, carbon dioxide content (11) 
and hemoglobin concentration (12) were determined in blood samples of 0.25 cc. 
from the umbilical vein. The oxygen capacity of the blood was calculated from 
the hemoglobin values. 

Observations were made on seven fetuses obtained from four litters at term in 
which rhythmical respiratory movements were abruptly interrupted and apnea 



occurred followng injection of lO to 20 mg./kg. of pentothal sodium into the 
maternal ear vein (table 3). Umbilical vein blood samples were taken before, 
during, and after the fetal anesthetic apnea. No evidence of anoxemia was 
obser\'ed (fig. 3). 

The oxjfgen content of the blood of fetuses during the apnea which followed the 
administration of pentothal sodium was 8 to 12 volumes per 100 cc. of blood, and 
the oxygen saturation was 69 to 92 per cent. In blood obtained about one-half 
hour preceding the injection of pentothal sodium, while the fetuses were showing 
rhythmical respiratory movements at a rate of 20 to 80 per minute, the oxygen 
content was 10 to 13 volumes per 100 cc. of blood, and the oxygeii saturation of 
the blood w’as G7 to 93 per cent. In two fetuses, a third blood sample was ob- 
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tained followng recovery from apnea at 17 and 23 minutes after injection when 
the respiratory rate was 54 and 72 per minute respectively. In the latter samples 
the oxygen content was 9 and 10 volumes per 100 cc. of blood, and the oxygen 
saturation was 82 and 91 per cent. 

There was no evidence that the carbon dioxide content of the blood in these 
experiments was related to apnea of the fetus. 

Discussion. The widespread use of barbiturates during the first stage of 
labor has prompted numerous attempts to evaluate the effects of these drugs 
upon mother and child (1, 2, 3, 4). Many factors, such as trauma, anoxemia, 
and anesthetics, complicate passage through the birth canal and may result in 
injury of the fetus. It has been difficult to isolate the factor of anesthesia under 
clinical conditions and to determine the role of barbiturates in the pathogenesis 
of respiratory failure at birth. 

In the present experiments full-term fetuses were under direct observation be- 
fore the onset of labor, in contrast to clinical studies based upon the state of the 
fetus following delivery. The changes in rate of intrauterine respiratory move- 
ments afforded a means of measuring the effect of pentobarbital sodium and 
pentothal sodium upon the fetus . Likewise, the responses of the maternal animal 
were determined readily at frequent intervals follo^ving various doses of the drugs 
(10). No general anesthetic was given, since exposure of the uterus was carried 
out by laparotomy folloAring section of the lumbar spinal cord under procaine 
anesthesia. 

Under such favorable experimental conditions, it was found that 20 mg. /kg. 
of pentobarbital sodium strikingly decreased fetal respiratory activity, while 30 
mg./kg. resulted in prolonged respiratory depression. In the case of pentothal 
sodium, whose effect is knoAvn to be much briefer, 10 mg./kg. markedly reduced 
the rate of fetal respiration ; however, after a dosage of 3 to 5 times this amount, 
fetal respiratory movements returned to normal within the experimental period. 

In attemptingto correlate the response to pentobarbital sodium in man and 
in the rabbit, it is of interest to note that the basal metabolic rate of the rabbit is 
3 times greater than that of man, the oxygen consumption per kilopam per hour^ 
at best being about 200 cc. in man in contrast to 650 cc. in the rabbit (5). Thus, 
a total dose of 7 grains of pentobarbital sodium in a man of 70 kilograms amounts 
to 6,5 mg./kg. or, if multiplied by 3, is equal to the dose which resulted in marked 
depression of the fetal respiratory system in the rabbit when administered intra- 
venously. In the case of pentothal sodium in a man of 70 kilograms, a total close 
of 4 grains amounts to 3.7 mg./kg. or, if multiplied by 3, is equal to the dose which 
caused marked depression of fetal respiration in the rabbit when given intra- 
venously at the rate of 17 mg./kg. per minute. ^ 

Pentothal sodium, because of its prompt action as an anesthetic and its rapid 
inactivation in the body, was favorable for investigating the nature of anesthetic 
apnea. The three types of apnea, namely, anoxemic, acapnic and anesthetic, 
maybe induced experimentally in fetuses showing rhythmical respiratory move- 
meats (8) In the present experiments it was demonstrated that the apnea which 
followed injection of pentothal sodium was caused by the anesthetic agent rather 
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than by anoxemia or acapnia. Blood samples obtained from the umbilical vein 
during the interval of apnea, as well as before and after it, were normal. Further- 
more, the abrupt onset of feta! apnea and the recurrence of regular respiratory 
movements were clearly parallel to the administration of the drug and the rate 
of its inactivation in the body. Thus, in the absence of anoxemia, fetal apnea 
occurred promptly following intravenous anesthesia; in contrast, in the absence 
of any anesthetic agent, as previous experiments have shown (9), sudden oxygen 
want resulted in prompt interruption of rhythmical fetal respiratory movements. 
Both types of apnea, anesthetic and anoxemic, may be transient and easily 
reversible under experimental conditions. 

Finally, it may be pointed out that a complete assay of the action of pento- 
barbital and pentothal in obstetrical analgesia must include not only observation 
of the direct effect of the drugs upon the fetus but also determination of the effect 
upon the maternal organisnuduring labor. The methods of analysis and results 
in the case of morphine have been described previously (7). 

CONCLUSIONS 

The effect upon the full-term rabbit fetus of various amounts of pentobarbital 
sodium and pentothal sodium and determined by the changes in rate of fetal 
respirator^' movements following intravenous injection into the maternal animal. 

1. Pentobarbital sodium in doses of 5 or 10 mg./kg. resulted in decrease of 
respiratorj' rate for less than 15 minutes; 20 mg./kg. resulted in depression of the 
fetal respiratory rate to about one- third of the initial level for about one-half 
hour; 30 mg./kg. deeply depressed or abolished fetal respiration for the duration 
of the experiment. 

Following a dose of 20 mg./kg., there was no marked analgesia in the maternal 
animal. 

2. Pentothal sodium, in doses of 10 mg./kg,, decreased the fetal respiratory^ 
rate to one-third the initial level for about 5 minutes; after a total dosage of 30 
to 55 mg./kg., relatively little cumulative effect upon the fetuses was noted. 

Following 10 mg./kg,, there was no deep analgesia in the maternal animal. 

3. Fetal apnea following injection of pentothal sodium was caused by the drug 
and w'as not due to anoxemia since analyses of fetal blood showed that the 
oxygenation and carbon dioxide content remained normal. 

Acknowledgement is made of a grant from the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the Universit}- of Chicago which aided the investiga- 
tion. 
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There is a clinical impression that a patient ho has lost a con'^iderable amount 
of blood IS more than normally susceptible to anaesthesia (Macintosh and Pratt 
(1), Harbord (2)) 

Experimental e^ idence to support this impression is scarce Pnce et al (3) 
noticed that dogs anaesthetised iMth pentobarbitone shoi^ed a deepening of nar- 
cosis during and after haemorrhage Macintosh (4) found that haemorrhage of 
20 c c /kg bodyw eight did not significantly reduce the dose of pentothal required 
to abolish the comeal reflex in cats, although the dose to produce respiratory 
failure was reduced by 30% The safetj ratio remamcd high in all animals 
Bayhss (5) obser\ ed that a cat required less ether for maintenance of anaesthesia 
after experimental haemorrhage and IMcKeen Cattell (6) also showed that loss of 
15-20% of the total blood volume rendered a cat more sensitu e to ether 

The work to be descnbed m this paper records observations on the dose of 
anaesthetic agents required by comparable groups of normal animals and of 
animals pre\iously subjected to moderate haemorrhage The first part deals 
with pentobarbitone anaesthesia in rabbits, the second part with ether anaesthe- 
sia m rats 

1 Pentobarbitone tn rabbits 

Method Rabbits weighing 1 5 to 3 0 kg (average 2 1 kg ) were used unselected for sex 
apart from the rejection of pregnant females Pentobarbitone was injected as a 2% solution 
in distilled water into the ear vein The animal was bled by puncture of the ear vein, the ear 
being warmed to ensure vasodilatation 15 or 20 c c of blood per kg body weight was 
withdrawn in this manner m an average time of 32 minutes Pentobarbitone was injected 
into bled animals 2J hours after haemorrhage, since it had been found in earlier experiments 
that haemodilution was practically complete by this time 

The anaesthetic dose The solution was slowly injected at the rate of 0 1 c c (=* 2 rag, 
pentobarbitone), every minute This slow rate ensures a slow and uniform rise in the con- 
centration of pentobarbitone m the blood Thus the central nervous system never receives 
a massive dose causing sudden anaesthesia from which there is rapid recovery as the bar- 
biturate IS distributed throughout the body The injection was continued until the rabbit 
was no longer able to remain upright on the table but fell on one side with limb muscles re- 
laxed The amount of pentobarbitone required to produce this arbitrary state of anaes- 
thesia was taken as the “anaesthetic dose “ 

Recoiery time When the anaesthetic dose bad been determined, sufTicient solution was 
injected during the next thirty seconds to bring the total dose to 1 c c (=*20 mg pento- 
barbitone) per kg bodjT\ eight, and the time of completion of the injection was noted The 
interval until the rabbit could regain the sitting position unaided was taken as the “recovery 
time ” 

Respiratoryfailure In s few animals after anaesthesia had been established, the injec- 
tion was continued at the rate of 0 1 c c of solution e\ery 12 seconds \Vhen respirations 
occurred at intervals of more than 12 seconds, the time was noted together with the total of 
259 
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solution injected. The injections were then continued until no respiration had occurred for 
one minute, the average of the total doses injected at the beginning and end of this minute 
being regarded as the dose producing respiratoiy failure. 

Safety ratio. This is the ratio of the dose producing respiratory failure and the dose 
producing anaesthesia. ^ 


TABLE 1 


Anaesthetic dosage of Pentobarbitone in rabbfis 
2% solution injected intravenously at 0.1 c.c. per minute 


coimtOLs 

ATTER HAEMORRHAGE OE 15 C.C./KC. 

Weight 

Anaesthetic dose 

Weight 

Anaesthetic dose 

ks. 

mg,/kg. 

kg. 

trtg./ig. 

1.75 

13.7 

1.95 

8.8 

1.60 1 

J3.S 

1.70 

8.2 

1.93 ' 

13.4 

1.9S 

19.2 

1.52 

13.8 

2.30 

14.8 

1.68 1 

12.0 

2.47 

12.2 

1.78 

14.6 

1.77 

14.6 

1.67 

10.8 ! 

1.80 

14.4 

2.72 

14.0 

2.09 j 

12.4 

1.75 

J5.0 

! ArrEK HAEMOERHACE OF 20 C.C./EC. 

1.75 

1 13.8 

1 _ _ . 


2.06 

15.4 

i 2.0S 

t 16.4 

2.56 

' 13.4 

I 2.80 

I 7.8 

2.70 

14.0 

2,15 

10.2 

1.86 

16.1 

1.94 

11.6 

2.15 

13.9 

1.85 

12.0 

2.17 

15.4 

2.05 

ll.S 

2.17 

21.2 

1.83 

11.0 

1.67 

13.2 

1.80 

10.0 

2.17 

11.1 

1.70 

12.9 

3.20 

18.8 

2.03 

10.8 


Results. Anaesthetic dose. The follomng values for the mean anaesthetic 
dose of pentobarbitone were obtained; 


In normal animals — 14.4 0.5 mg./hg. (20) 

2\ hrs. after haemorrhage of 15 c.c./kg 13,3 ±1.3 mg./kg. (8) 

2\ hrs. after haemorrhage of 20 c.c./kg 11.5 ± 0.7 mg./kg. (10) 


The number of animals used is given in brackets and table 1 shows the indi- 
vidual observations. 

The difference in the anaesthetic dosage after haemorrhage of 15 c.c./kg., is 
not statistically significant (P = 0.35), but that after haemorrhage of 20 c.c./kg. 
is significant (P = 0.05). This is a reduction of 18% in the anaesthetic dose. 
Recovery time. The mean recoveiy times were as follows: 


In normal animals 

In animals bled 15 c.c./kg. 
In animals bled 20 c.c./kg. 


42 ± 6.6 mins. (6) 
52 ± 9.7 mins. (7) 

43 ± 7.1 mins. (7) 


None of these differences is significant. 
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RespiTatory failure Three normal rabbits required 68, 44 and 75 mg /kg 
pentobarbitone to cause respiratory failure while three animals bled 20 c c /kg 
required 43, 62 and 47 mg /kg The mean doses w ere 63 and 48 respectn elj , the 
24% reduction being statistically significant (See table 2 ) 

Safety ratio In the three normal rabbits this was 5 2, 4 0 and 4 0 (mean 
4 4), and in the three bled animals 4 3, 4 0 and 4 4 (mean 4 2) Although there 
was a 24% reduction in the lethal dose of pentobarbitone after haemorrhage of 
20 c c Ag the safetj ratio was not altered 
2 Ether tit rats 

Method "White rata of both aexea weighing from 110 g to 310 g (average ISO g ) were 
employed Blood was removed by cardiac puncture, 0 6 to 2 6 c c /lOO g bodyweight 
(average 1 5 c c /1 00 g ), being obtained It was found that no more than two attempts at 
cardiac puncture could be made without the risk of causing intrathoracic haemorrhage A 

TABLE 2 

wzicar I AMAZSTztnc DOSE IxespiutoiytailuscdoseI SAiErrxATio 


(a) Normal rabbits 


It 

nt/it 

Bit />f 


1 67 

13 2 

68 2 

5 2 

2 17 

11 1 

44 4 

4 0 

3 20 

18 8 

75 0 

4 0 

Average 2 34 

14 4 

62 5 

4 4 


(b) Babbits bled 20 c c /kg 


1 80 

10 0 

43 3 

4 3 

1 70 

12 9 

51 8 

4 0 

2 03 

10 8 

47 4 

4 4 

Average 1 84 i 

11 2 j 

47 6 

4 2 


number of unsuccessfully punctured ammals was used as controls It was found that their 
reaction w as very similar to that of normal rats Thus an> differences found in bled rats 
were due to the loss of blood and not to the trauma For anaesthetising the animals a 
system was employed consisting of a pump an Oxford vaporiser No I (7) and a specially 
constructed box Ether air mixtures of various proportions were pumped to the box 
through the vaporiser at the rate of 51 1 per rain This flow suppbed more than enough 
oxygen for six rats and ensured complete mixing of the contents of the box in about one 
minute Usually 3 normal and 3 bled rata were anaesthetised simultaneously From a 
side tube connected to the mam tube delivering the mixture to the box samples could be 
taken for check detenmnations of the ether concentration being delivered using a simple 
Haldane gas analysis apparatus with sulphuric acid as the absorbing agent Corrections 
were applied for the water vapour present Though the vaporiser scale was previously 
calibrated for various tap positions check determinations were frequcntlj earned out m the 
course of each experiment 

Induction time Six rats being placed in the box and the detachable side being 
•screw ed tightly m position, the pump w as started After a period of actn ity the 
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animals moved more slowly and after 3 to 5 minutes fell on to one side. Gentle 
shaking of the box might at first elicit further movements, but in a few seconds 
there was no such response. The time taken to reach this condition was taken 
«s “induction time” and was recorded separately for each animal. The end-point 
could be defined within 10 seconds. 

^IdiYitcndTiCB of (mdcsthBsiu^ When nil the nnimnls were nnaesthetised, the 
ether concentration was reduced and the behaviour of the rats in this concentra- 
tion noted for one hour. Any major movements (but neglecting small head or 
limb movements) , were taken to imply that anaesthesia was no longer maintained* 

Recovery, At the end of one hour's anaesthesia, all the rats were removed from 
the box and replaced in their cages. Recovery time was taken as the intenml 
until an animal was able to move on all fours. 

Results. Induction time. The time taken for induction of anaesthesia with 
different ether concentrations is shown in table 3. The reduced induction times 

TABLE 3 

Effect of haemorrhage on induction iimee with ether 
0.6-1. 5 c.c./lOO g, bodyweight = 9-23% of total blood volume 
1.6-2 5 c.c./lOO g. bodyweight = 25-38% of total blood volume 
(assuming average blood volume 6 5 c.c./lOO g.) 


1 

COVCEN- ! 
TXATION OF 
ETHEKV/V I 

KOKUAL RATS 

BLED 0 <S-t 5% OF 
BODYWEIGHT 

BLED i 6-2 0% OF 

bodyvteight 

TOTAL BLED RATS 

Number ! 

Induction 

time 

Number 

Induction 

time 

Number 

Induction 

time 

Number 

Induction 

tune 

7% 

36 1 

6^50" 

20 

5'00" 

±16" 

15 

4'00" 
±11" ; 

36 

4'30" 

±12" 

s% 

64 

5'00'' 

±10" 

39 

3'50" 

±10" 

1 _ . 

15 

mm 

54 

3'40" 

±9" 

9% 

1 24 

1 

: 4'25" 

±8" 

9 

4'20" 

' ±14" 

13 

! 3^20" 

±12" 

24 

345" 

±11" 


in bled animals are all significantly different from normal, not only after severer 
haemorrhages of 1.6 to 2.0 ex./lOO g., but also after relatively slight haemorrhage. 

Maintenance of anaesthesia. Concentration of 2,5 to 7% ether were employed 
for maintenance of anaesthesia and the results obtained are shown in figure 1. In 
ether concentrations of Jess than 3%, anaesthesia was not maintained in any 
normal rats whereas some bled rats remained anaesthetised for the whole of one 
hour. Higher ether concentrations (4 to 5%) maintained anaesthesia in only 
43% of normal rats, whilst 75% of bled rats remained anaesthetised. 7% ether 
maintained anaesthesia in all normal and bled rats; 5 out of 9 rats in each group 
died during the hour. From the graph it is seen that an ether concentration of 
5-e% will maintain anaesthesia in 50% of normal rats, while only 3-4% is neces- 
sary for a similar effect in rats after haemorrhage. 

When the number of rats actually anaesthetised was counted at 15-minute 
intervals during the hour of maintenance, results shown in figure 2 were obtained. 
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It can be seen that with a lower ether concentration (e g 3 5%), practically all 
the bled rats remained anaesthetised for the whole hour whereas a large propor- 
tion of normals w ere not anaesthetised for mo^st of the time 
Discussion The expenmental results obtained confirm the clinical impres- 
sion that a bled animal is more susceptible to anaesthesia than a normal They 
also extend the work of Macintosh (4) to different drugs and species 
The two sets of experiments are not exactly comparable since we have no 
evidence of the extent of haemodilution which occurred in the rats, although time 
was allowed for the rabbits to make up their lost circulatory \ olume It would 

^«ge of enlnals. 



Fia 1 Percentage op Bled and Normal Rats Remaining Anaesthetised fob One 
Hoim IN Different Concentrations of Ether (v/v) 

not be correct to assume from the results that '^mce the reduction of pentobarbi- 
tone dosage in rabbits is relatively less than the reduction of the ether dosage in 
rats, a barbiturate is therefore a safer anaesthetic than ether for use in exsangum 
ated patients It is, however, pertinent to recall the work of Kendnck and 
Uihlem (8) who showed that the chance of shock was less under pentobarbitone 
than under ether Our experiments indicate that the safety ratio of pentobarbi 
tone in rabbits is not altered by haemorrhage Macintosh’s results with 
pewtothal m cats also suggest this Thus careful adwwwrstraUow of a barbiturate 
is probably as safe in the depressed as iP the normal patient Ether anaesthesia 
IS, however, more readily controllable than the intraicnous admuiistration of 
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animals moved more slowly and after 3 to 5 minutes fell on to one side. Gentle 
shaking of the box might at first elicit further movements, but in a few seconds 
there was no such response. The time taken to reach this condition was taken 
«s ‘‘induction time” and was recorded separately for each animal. The end-point 
could be defined within 10 seconds. 

Maintenance of anaesthesia. When all the animals were anaesthetised, the 
ether concentration was reduced and the behaviour of the rats in this concentra- 
tion noted for one hour. Any major movements (but neglecting small head or 
limb movements), were taken to imply that anaesthesia was no longer maintained. 

Recovery. At the end of one hour’s anaesthesia, all the rats were removed from 
the box and replaced in their cages. Recovery time was taken as the interval 
until an animal was able to move on all fours. 

Results. Induction time. The time taken for induction of anaesthesia with 
different ether concentrations is sho^^^l in table 3. The reduced induction times 

TABLE 3 

Effect of haemorrhage on induction times unth ether 

0. 6-1. 5 c.c./lOO g. bodyweight = 9-23% of total blood volume 

1. b-2.5 c.c./lOO g. bodyweight = 25-33% o! total blood volume 

(assuming average blood volume 6.5 c.c./lOO g.) 


CONCEN- 
TRATION OP 
ETHER V/V 

NORIME KATS 

bled 0.6-l.S% OF 
BODYWEIGHT 

BLED 1 . 6 - 2 . 0 % OP 
bodyweight 

TOTAL BLED RATS 

Number 

Induction 

time 

Number 

Induction 

time 

Number 

Induction 

time 

Number 

Induction 

time 

7% 

36 

6'50'" 

20 

5^00'' 

±16'' 

15 

4'00’ 

±11' 

36 

4'30" 

±12" 

s% 

64 

i 

\ rhlO" 

S9 

3W 

±10" 


3T5" 

±17" 

54 

340" 

±9" 

9% 

24 

1 4'25'' 

1 ±8' 

9 

±14" 

13 

3’20' 

±12' 

24 

mmm 


in bled animals are all significantly different from normal, not only after severer 
haemorrhages of 1.6 to 2.0 c.c./lOO g., but also after relatively slight haemorrhage. 

Maintenance of anaesthesia. Concentration of 2.5 to 7% ether were employed 
for maintenance of anaesthesia and the results obtained are shown in figure 1. In 
ether concentrations of less than 3%, anaesthesia was not maintained in any 
normal rats whereas some bled rats remained anaesthetised for the whole of one 
hour. Higher ether concentrations (4 to 5%) maintained anaesthesia in only 
43% of normal rats, whilst 75% of bled rats remained anaesthetised. 7% ether 
maintained anaesthesia in all normal and bled rats; 5 out of 9 rats in each ^oup 
died during the hour. From the graph it is seen that an ether concentration of 
5-6% ynW maintain anaesthesia in 50% of normal rats, while only 3-4% is neces- 
sary for a similar effect in rats after haemorrhage. 

Wlien the number of rats actually anaesthetised was counted at 15-minute 
intervals during the hour of maintenance, results shown in figure 2 were obfcained. 

























ANAESTHESU AFTER HAEMORRHAGE 


2G5 


c c /kg This degree of haemorrhage reduced the dose producing respiratory 
failure by 24%, but the safety ratio Mas not altered. 

3 Induction of ether anaesthesia in rats m as more rapid after haemorrhage 
Loss of more than 25% of the blood volume reduced the induction time to 60, 65 
and 75% of the normal time in ether concentrations of 7, 8 and 9% Anaesthesia 
could be maintained in 50% of the bled rats by an ether concentration of 3 to 4%, 
while 5 to 6% ether was required to mamtain anaesthesia in 50% of normal rats. 

4 Reco\ ery times after pentobarbitone anaesthesia m rabbits and after ether 
anaesthesia in rats were not significantly altered by haemorrhage 

We would like to express our thanks to the Nuffield Department of Anaesthet- 
ics, Oxford, for the loan of the Oxford \ aponser, and to Dr H G Epstein for his 
advice on its use, to Mr H W Lmg for technical assistance, and to Miss E. 
Bulbnng for her continual encouragement 

REFERENCES 

(1) Macintosh and Pratt, Brit Med J , Jl: 1077, 1939 

(2) Harbord, Brit Med J , 1:650, 1912 

(3) Price, Hanlon, Longmirb avd Metcalf, Bull Johns Hopkins Hosp , 69. 327, 1941. 

(4) Macintosh, F C , Personal conununication 
(6) Batuss, J Physiol , B0 xlvi, 1922 

(6) Cattell, McKeen Arch Surg ,6:41, 1923 

(7) Epstein, Macintosh and Mendelssohn, Lancet, 2; 63, 1941 

(8) Kendrick and Uihlein, Surgery, 76:12, 1942 


STUDIES ON THE FATE OF HEROIN 

FRED \V. OBERST 

Biological Chemist , Departmeni of Research, XJ, S. Public Health Service Hospital, Lexington 

Kentucky 

Received for publication August 10, 1943 

The chemical structure of heroin suggests a number of possible ways in which 
it may be excreted: in an unchanged form, as either monoacetyl derivative, as 
morphine, as a mixture, or as degredation products. Certain of these could be 
excreted in a conjugated form. Since heroin, like bound morphine, is readily 
hydrolyzed to morphine in a hot acid solution, it would be very difficult by pres- 
ent methods of chemical analysis to differentiate between the excretion of an 
acetylated morphine and its conjugated form. 

The literature pertaining to the nature of the product excreted in urine after 
the administration of heroin hydrochloride contains conflicting reports. Soll- 
mann (1) quotes Danger (2) that “the greater part of heroin is excreted unchanged 
in urine; some also in the feces. A part is destroyed and this destruction was 
said to be increased in habituation”. Other investigators (3, 4) reported that 
the excretion product of heroin is morphine. 

Goris and Fourmount (4) reported that an aqueous solution of heroin hydro- 
chloride hydrolyzes at room temperature with a loss first of one and finally of both 
acetyl groups. Oberst and Andrews (5) found that the conductivity of a solu- 
tion of heroin hydrochloride did not change from one minute to two weeks after 
.preparation. Hence, hydrolysis must proceed at a slo^v rate in an aqueous 

lution at room temperature. 

‘Wright (6) studied the rate of enzymatic hydrolysis of monoacetylmorphine 
and of heroin, using the Warburg technique. He was convinced that the purest ^ 
available heroin hydrochloride contained some monoacetylmorphine hydro- 
chloride. Chemical analysis of heroin for its percentage of carbon and hydrogen 
would not differentiate between monoacetyl-, diace ty-morphine, ora mixture o! 
these. Specific rotation of heroin hydrochloride also would not establish its 
composition. 

The present study was undertaken to investigate further the chemical com- 
position of heroin hj^drochloride and to determine the amount and the chemical 
nature of the excreted product in addicted patients. 

Methods. It has been established that the addition of phenol reagents^ and sodium 
carbonate to a solution of an opiate containing a free phenolic hydroxyl produces a blue 
color. Solutions of heroin hydrochloride^ and 6 -monoacetyl morphine hydrochlori de* were 

* Phenol reagent, (Folin and Denis). This reagent is prepared as follows: 100 gm. 
sodium tungstate dissolved in 750 cc. water, 20 gm. phosphomolybdic acid, and 50 cc. 85 
per cent phosphoric acid. The mixture is boiled for two hours and after cooling is dilute 

* Heroin hydrochloride (anhydrous) and 6-monoacetyIraorphine hydrochloride • 2jHjO 
were prepared by Dr. Lyndon F. Small, National Institute of Health, Bethesda, Md, 
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tested TMth sodium carbonate and phenol reagent (7) before and after acid hjdroljsis (8) 

Since an alkaline agent (sodium carbonate) and phenol reagent are ased in the determin 
ation of morphine and monoacctjlmorphme, the question is raised whether the blue color 
obtained with a solution of heroin hjdrochloride by these reagents might not bo due to 
lodrolysis of heroin by alkali It has been found that phenol reagent reacts iramediatelj 
withfree phenolic hydroxyl groups (as in morphine) to forraablue color The excess amount 
of this reagent rapidly becomes inactivated by the presence of alkali hence further 
addition of morphine or hjdrol>3is of heroin by sodium carbonate does not increase the 
intensity of the color On the basis of this reaction it was possible to stud^ the rate of 
hydrolysis of heroin m approximatelj 0^ M sodium carbonate solution (20*C ) 

Solutions (25 cc ) containing 1 0 mgm of heroin hydrochloride were placed m thirteen 50 
cc volumetric dasks To each flask 4 5 cc of saturated sodium carbonate were added by 
pouring as quickly as possible from a test tube The phenol rengen t w as then added in like 
manner and the time between the two procedures recorded The time allowed forhy 
drolysis for the various samples varied from 1 second to 30 minutes Each flask was then 
filled to the 60 cc mark and allowed to stand 30 minutes before rending m a colorimeter 
against a standard morphine solution treated in a similar manner 

Analyses were made for morphine (7, 8) m urine from three addicts receiving the minimal 
amount of morphine sulfate needed to satisfy physical dependence Heroin hydrochloride 
was then substituted for morphine sulfate in amounts approximately one half as large and 
analy ses w ere continued 

For purposes of calculation it w as assumed that the morphine like product m urine 
during both periods was morphine base The total morphine base cquil valent of anhydrous 
heroin hydrochloride after acid hydroly sis was 70 4 per cent 

Results Chemical analysis of 6 monoacctylmorphine and heroin (a) G 
monoacetylmorphine 1 his compound gi\ cs a color similar to, but slightly less 
intense, than that of moiphine Although 3 monoacetylmorphine was not 
available for testing, it mav be assumed that it would not develop the color, since 
color development by the phenol reagent is through the free phenolic hydroxyl 
group (3 carbon) Since the uimary residue from a patient receiving heroin 
hydrochlonde give a color before hydrolysis, the alkaloid could be either mor- 
phine, 6 monoacetylmorphine, or a mixture Comparative color tests made on 
C monoacety Imorphine before and after hydrolysis show ed only slight dif 
ferencesm the color intensity .insufficient to differentiate beweenthe hydrolyzed 
and unhydroly zed forms 

(6) Heroin It was found that an aqueous solution of heroin hydrochlonde 
(1 mgm ) developed a blue color when mixed with sodium carbonate and phenol 
reagent This might indicate either that impurities w ere present in the heroin 
hydrochlonde or that some hydrolysis takes place befoie complete development 
of the blue color 

The rate of hydrolysis of heroin by sodium carbonate (2G‘’C ) is very rapid for 
the first tw o minutes (fig 1) Approximately 58 per cent of the total sample w as 
hv drolyzed (calculated as morphine base) m 2 mmutes and 88 per cent in 10 
minutes Extrapolation of the curve to zero time gave a value of about 4 per 
cent as free morphme m the «ample This indicates that not less than 96 per 
cent of the heroin hydrochlonde tested was diacety Imorphine hydrochlonde 
The conclusion seems warranted that most of the blue color obtamed from a 
solution of heroin hy drochlonde aftci the addition of the color reagent is due to 
the rapid hy droly sis of heroin by the sodium carbonate used in the test 
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Tests for the presence of acehjl groups in urinary extracts. Urine (130 ml.) from 
an addict in ^vhom heroin hydrochloride had been substituted for morphine sul- 
fate for 7 days was saturated with sodium carbonate and extracted in a separatory 
funnel vnth ethyl acetate at room temperature. The residue obtained after the 
evaporation of the solvent was further purified by acid and alkaline extractions 
and then divided into two equal portions. One portion was boiled for two hours 
in acid under a reflux condenser. These two fractions when analyzed for color 
intensity showed practically no difference, indicating that the extracted product 
contained a free phenolic hydroxyl group. 

WO 


80 


f_«) 

z: 

LU 

cr: 

^^0 


20 


Fig. 

Urine containing added amounts of heroin hydrochloride and extracted by the 
usual procedure in a liquid-liquid extractor, followed by acid and alkaline extrac- 
tions, gave an intense blue color when the reagents were added, indicating that 
at least some of the diacetylmorphine had been hydrolyzed by this extraction 
technique. 

Recently Wright (6) has shown that rabbit and human sera deacetylate heroin. 
Serum from all rabbits tested removed the 3-carbon acetyl group, but serum from 
some rabbits removed the 6-carbon acetyl group as well. A purified residue 
extracted from urine with ethyl acetate tested by Dr. Wright showed that no 
acetyl groups were present. A portion of the same residue was studied by Dr. 
S. T. Gross at the University of Illinois (9) for an X-ray diffraction pattern; he 
reported the presence of morphine in the sample. 
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These studies do not shou w hether dmcetylmorphme a\ as ongmally present in 
unne or whether it is excreted as one of its hj drolyzed products 
Eicreiion studied in addicts receiving heroin hydrochloride The daily amounts 
and the corresponding per cent of free and bound morphine excreted in the unne 
of morphine addicts before and after heroin hj drochlonde substitution are pre 
seated in table 1 The per cent of free and bound morphine excreted m the 
unne of morphine addicts before substitution was approximately the same as 
m previous studies (8) Half as much herom hj drochlonde as morphine sulfate 
satisfied physical dependence The average amount of excretion of free morphme 
w as proportionately decreased The percentage excretion values were about the 
same, 7 0, 6 4 for morphine and heroin respectn ely On the first day of substitu- 
tion the percentage value was quite high, presuraablj due to "carry over” of 
morphme base from the morphine administration The average daily amount 

TABLE 1 


The ererelion of free and bound morphine (base) during morphine and heroin admimslratton 


rATiurr no 


1 MO or 

A.V 21 

AVIXAGe IJAJI.T 

DOSE j 

AVEX : 

DAILY EXCXETtOY (BASE) 

avzkace daily 

USED 

i STODIZD 

mtNE 

VOL 

' Alka 
IddAl 

Slit 

1 Equml 
morphine 
bise 

Free 

i 

Bound 

BOUKDTO ri£E 

362 

M 

7 

2218 

200 

WfW 

150 5 

9 5 

6 3 j 

70 9 

47 1 ; 

7 4 

i 

H 

14 

1853 

119 

82 7 

4 6 

5 6 

40 7 

51 7 

9 7 

492 

M 

8 

1265 

200 

160 5 

11 1 

7 4 

69 6 

48 8 

7 3 


H 

8 

1075 

101 

72 6 

5 5 

7 6 

39 7 

65 0 

8 4 

493 

M 

6 

1280 

200 

150 5 

10 6 

7 1 

70 S 

47 2 

6 9 


H 

9 ! 

1029 

97 8 

70 4 

4 9 

6 8 

33 2 

45 9 

6 9 

Average | 

M j 

21 

1585 

200 

150 5 

10 5 

7 0 

70 4 

47 S 

7 2 


H 

31 

1402 

108 

76 5 

4 9 

6 4 

38 3 

50 0 

1 8 5 


of hound morphme in urine of these patients dunng the morphine administration 
was sbghtly less than twnce the amount dunng the herom administration, the 
xalues being 70 4 and 38 3 mgra , respectnelj These values represent 47 8 
and 50 9 per cent, respectively , of the total base administered The average 
ratios between the bound and free forms w ere 7 2 during morphine and 8 5 during 
heroin administration 

Discussion It is commonly believed that heroin hydrochlonde, kept m a 
dry form, is not stable over a long penod of time One sample had a specific 
rotation of — 158 0°, when it w as prepared Five months later the rotation had 
dropped to —163 7“ Another sample gav e a rotation of — 150 1® when it was 
prepared, and four years later w as — 147 4® It is certain that the first sample 
contained no w ater of cry stalUzation Just how much hy drolj'sis has taken place 
m the sample WTth a 4 3® decrease in rotation is not certain, but it is probably not 
more than 4 per cent 
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From the present study it seems reasonable to conclude that heroin hydro- 
chloride is excreted as morphine. Since heroin hydrochloride added to urine 
hydrolyzes very readily by the present technique, it is not probable that the body 
would excrete unchanged heroin. If the excreted uncombined form is morphine, 
the bound form is also likely to be morphine. Acid hydrolysis of the conjugate 
would liberate morphine regardless of the presence of an acetyl group It has 
been shown (10) that conjugation does not take place when both the phenolic 
hydroxyl and the secondary alcoholic hydroxyl groups are methylated, therefore 
unchanged heroin could not be expected to form a conjugate. Monoacetyl 
derivatives could form conjugates, but since no acet}^ derivatives in the uncom- 
bined form were found in the urine, it is not probable that these would be present 
in a conjugated form. 

In this study the relative physical dependence satisfying power of heroin hydro- 
chloride was about twice that of morphine sulfate. This does not imply that 
heroin is t^vice as addictive as morphine, but that approximately one-half as 
much heroin as morphine is needed to satisfy physical dependence in a morphine 
.addict. Even though the dosage ratio of morphine to heroin in this stud}’’ was 
kbout 2 to 1, the average daily per cent of free and bound morphine base in urine 
was approximately the same for both drugs. 

SUMMARY 

« In alkaline solution (0.5 M NaaCOs at 26®C.) heroin hydrolyzes rapidly. 
Approximately 58 per cent of the total sample hydrolyzed (calculated as mor- 
phine base) in 2 minutes, and 88 per cent in 10 minutes. Calculations made 
from results of these tests indicate that at least 96 per cent of the sample tested 
was diacetylmorphine hydrochloride. 

As to the fate of heroin in the human body, evidence is presented indicating 
that all of the drug is hydrolyzed completely. It is not possible to extract heroin 
hydrochloride added to urine without causing some hydrolysis. 

Phj'sical dependence on morphine was satisfied b}" heroin h 3 ’’drochloride. 
The ratio of physical dependence satisfying doses of morphine sulfate and heroin 
hydrochloride w'as 2 to 1. On this dosage ratio approximately 7 per cent of the 
administered drugs were exxreted in free form and 50 per cent in bound form. 
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Some germicides, notablj the mercury and the sih er compounds, are knomi 
to accumulate in the hvmg organism i\hen repeatedli administered i\hile others, 
such as the halogen compounds and the phenols, do not It Mas considered, 
therefore, of great interest and importance to see if tissue fragments could be 
used m a similar manner to demonstrate a cumulative action 

Method Chick heart tissue fragments from 0 5 to I mm in diameter vere embedded in 
rabbit plasma contained in 35 mm Carrel flasks (0 3 cc plasma, 0 7 cc Tjrode’s solution, 
OScc embryonic extract, 0 2 cc tissue suspension containing about 12 fragments) After 
the plasma had coagulated, 1 cc of embryonic extract vas added as a nutrient (total vol 
ume, 2 5 cc ) The cotton stoppers were replaced vith sterile paraffined corks to prevent 
the loss of carbon dioxide and the flasks incubated at 37®C 

The flasks were prepared either at 10 A M or 3 P M , then treated with germicide the 
following morning at 10 A M and every 12 hours thereafter Four flasks were selected for 
each germicide and 4 for the control The embryonic extract was aspirated from the flasks 
and the selected fragments photographed Then the flasks were each treated with 1 cc of 
the appropriate germicidal dilution The dilutions selected were approximately one fif 
teenth of the concentrations required to kill the tissue fragments in 10 minutes at 37*C in 
the absence of organic matter They were as follows Iodine, 1 30 COO, Hcx>lreaorcinoI, 
1 60,000, mercuric chloride, 1 150 000, Metaphen, 1 350,000, Mcrthiolatc, 1 440 000, silver 
nitrate, 1 15,000, silver protein strong, U S P , 1 3,000 The solutions were freshly pre 
pared before each treatment All dilutions were made in 0 35% sodium chloride solution 
except silver nitrate, which was dissolved in distilled water The flasks with germicide 
were incubated at 37®C for 10 minutes At the end of the exposure period the germicidal 
dilutions were aspirated from the flasks, 1 cc of embryonic extract added again stoppered 
with paraffined corks, and returned to the 37*C incubator This procedure was repeated 
twice dailj at 10 A M and at 10 P M for 12 days 

At the end of the tenth day transplants w ere prepared from several fragments in each set 
to determine if the tissues w ere still living The transplants selected w ere not necessarily 
prepared from the fragments previously photographed 

Iodine Large doses of lodme are required to pioduce deatli in man and 
animals, nhich indicates that it is not highly toMC After absorption the iodine 
ion IS entirely extracellular, except for its penetration into red blood cells The 
element is not a cumulativ e poison It is readily excreted by the kidneys, most 
of It being eluninatcd Mithm 24 hours after administration There is very little 
retention of iodide and that whicli remains is piobably m organic combination 
A typical set of results is sIiomti m Fig 1 It may be seen that the tissue 
fragments treated with a eublethal concentration of iodine for 10 davs (20 treat- 
ments) grew m a normal manner like the controls (Tig 2) The fibroblasts 
appealed normal in appearance and in the rate of growth throughout the expen 
271 
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mental period There was apparently no cumulation of iodine in the fragments. 
A transplant from a fragment premously treated for 10 dai's continued to re- 
produce in a normal manner indicating that the germicide produced no appre- 
ciable eitect on the tissue. 



Fig. 1. Tissue Fhacments Treated with Iopeve 

(1) 24 hours old^ treated 2 times; (2) 216 hours old, treated IS times; (3) transplant from 
fragment treated for 240 hours (from another set). 

The flasks treated with iodine contained a number of fragments still pulsating 
in a vigorous manner after 12 days. On the other hand the control flasks showed 
•no pulsating fragments beyond 9G hours. 

Hextlhesoucinol, Hexylresorcinol is not a cumulative drug and may be 
repeatedly administered ivithout serious effects. After ora! administration 
about one-third of the drug is absorbed. It is e.vcreted by the kidneys and 
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appears in the urine largely in a conjugated form. The unabsorbed portion is 
eliminated unchanged in the feces. 

The results of the action of Hexylresorcinol on living tissue fragments are 
shown in Fig. 3. The repeated application of Hexylresorcinol over a period of 
12 days did not affect the character or the rate of groM‘th of the fibroblasts. The 



Fic. 2. CoVTROL Tissue Fk FOMENTS, NOT TREATED 
(1) 24 hours old; (2) 2IG hours old, (3) transplant from fragment 240 hours old (from 
another set). 


tissues appeared normal m every respect. A transplant fiom a fragment previ- 
ously treated for 10 days continued to grow in a normal manner. 

Mercurials The mercurj’ ion has but one pharmacological action (1): 
it is a protoplasmic poison because it readily precipitates proteins. All mercury 
compounds are potential sources of the ion. The to\icity of mercury compounds 
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depends upon the ease uith which the ion is liberated. Since mercuric chloride 
ionizes more than any other compound of mercury it is also the most toxic. 

The organic mercury compounds are less toxic than the inorganic ones. The 
mechanism of their action is not clearly understood. They are not as highly 
ionized as the inorganic compounds, yet are much more active. However, it is 




Fig. 3. Tissue Fragments Treated with Hexylresorctkoe 
(1) 24 hours old. treated 2 times; (2) 216 hours old, treated 18 times, (3) transplant from 
fragment treated for 240 hours. 

generally agreed that part of their toxicity is also due to release of low concen- 
trations of mercury ions. ^ m 

^\hen mercurx- enters the circulation it is rapidly taken up by the ti.ssuca (A 
3). The continued administration of mercury over a period of time may result 

in chronic poisoning (4). 
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Mercnnc chloride. The effect of lepoated applications of a sublethal concen- 
tration of mercuric chloride to tissue fragments is given in Fig, 4. The frag- 
ments showed normal proliferation only during the first 72 hours (G treatments). 
After that the fragments showed no further grow’th and the fibroblasts rapidly 
degencrate<L Apparently meicury accumulated in tlie tissue fragments until 



(3) 

Fio. 4. Tissue Fr'icmfsts Treated with Mfrcuric Chdqridb 
(1) 24 hours old, treated 2 tunes, (2) 210 hours old, treated IS times; (3) tran'^plant from 
fragment treated for IIW hours (from another set) 

death was proiluced. Tliis was further shown by the fact that transplants from 
fragments previously treated for only 5 days failed to grow. The tissue frag- 
ments ceased to pulsate after 48 hours, another indication of the damaging effect 
of the mercury ion. 

Merthiolatc and Metaphen. Entirely different lesults were obtained from the 
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depends upon the ease with which the ion is liberated. Since mercuric chloride 
ionizes more than any other compound of mercury it is also the most toxic. 

The organic mercury compounds are less toxic than the inorganic ones. Tlie 
mechanism of their action is not clearly understood. They are not as highly 
ionized as the inorganic compounds, yet are much more active. However, it is 



Fig. 3. Tissue Frag.vents Tbeateo with HExyLHEsonciNOL 
(I) 24 hours old, treated 2 times; (2) 216 hours old, treated 18 times; (3) transplant from 
fragment treated for 240 hours. 

generally agreed that part of their toxicity is also due to release of low concen- 
trations of mercury ions. ..... 

ttTien mercury enters the circulation it is rapidly taken up by the tissues 
3). The continued administration of mercury over a period of time may result 
in chronic poisoning (4). 
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Silver comtounds. Silver preparations arc employed largely for their local 
actions. They are used for this purpose either in the form of inorganic salts 
or in organic combinations vith proteins. The silver ion precipitates the pro- 
teins of tissues. There arc two phases in its action: (1) Proteins are quickly 
precipitated in the presence of the silver ion of highly ionizabic inorganic salts; 



t3) 


Pig. G Tissue Fiugments Treated \mth 
(1) 24 hours old, treated 2 tunes, (2) 210 hours old, treated 18 times; (3) transplant from 
fragment treated for 240 hours 

(2) this is followed by a more sustained action due to the slow release of small 
quantities of ionic silver from the silver protein compound. The colloidal silver 
preparations behave according to the second type of action. 

Silver is absorbed into the system, being found largely in the connective ti'jsue 
and corium of the skin. Since silver is rapidly precipitated in the presence of 
proteins, it is not possible to attain appreciable concentrations of the element in 
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the circulation. Some silver is absorbed from mucous membranas and tliis is 
largelj' retained. 

Silver nitrate. The results of the action of stiver nitrate on embryonic tissue 
fragments are shown in Fig. 7. It may be seen that the salt produced consid- 
erable damage to the fibroblasts after 72 hours. Tlie fibroblasts quickly degen- 
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Fig. 7. Tissgb Fiugments Thbated with Silver Xitrate 
(1) 24 hours old, treated 2 times; (2) 2IG hours old, treated 18 times; (3) transplant from 
fragment treated for 240 hours. 

crated and separated from the tissue fragments. rVfter the tenth day most of 
the fragments were completely separated from the fibroblasts. 

The tissue fragments pulsated for 10 days, then ceased. However, tra^plan s 
prepared from fragments which had ceased to pulsate continued to multiply but 
at a slower rate than the controls. 
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The slo.ver action of silver nitrate compared to mercuric chloride might be 
explained on the fact that silver is rapidly precipitated in the presence of chloride 
ions w hereas mercury is not. Tyrode’s solution, used in pi eparing the embryonic 
extract and in diluting the plasma, contains a relatively high concentration of 



Fig. 8. Tissue Fragments Treated with Siever Protein Strong 
(1) 24 hours old, treated 2 times, (2) 216 hours old, treated 18 tunes; (3) transplant from 
fragment treated for 240 hours 


chloride ions. Because of this fact most of the silver \ias prevented from reach- 
ing the tissue fragments. 

Siher Protein Strong. The compound produced extensive injury on the fibro- 
blasts (Fig 8) but not as much as in the case of silver nitrate. After the tenth 
day some of the tissue fragments were separated fiom the fibroblast.s but not as 
many as were obseired in the flasks treated with silver nitrate. 
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The tissue fragments pulsated vigorously throughout the entire experimental 
period of 12 da3's. Transplants prepared from fragments treated for 10 days 
continued to proliferate at a normal rate, 

suM^fAnr 

The results reported show that tissue fragments cultivated in vitro may be 
successfully employed to demonstrate the presence of a cumulative action in 
germicidal compounds or preparations. 

Iodine and Hexylresorcinol did not exhibit an appreciable cumulative action 
on proliferating tissue when applied twice daily for 12 daj's. 

Under the same conditions mercuric chloride exhibited a pronounced cumu- 
lative action after 72 hours resulting in the death of the tissue fragments. 

The organic mercurials jVIcrthiolate and iMetaphen produced considerable 
damage to the fibroblasts but did not exhibit an appreciable cumulative effect 
on the tissue fragments. The fragments remained vigorous throughout the 
experimental period. 

Silver nitrate produced considerable damage on the fibroblasts and a slow 
cumulation of silver in the tissue fragments. 

The organic silver protein strong also produced considerable damage on the 
fibroblasts but the tissue iragmonts remained vigorous througliout the experi- 
mental period, indicating that the cumulation of silver was negligible. 
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Determinatiov op P\nALDEH\ DE In order to be able to determine the small 
amounts of paraldehyde present in the blood, tissues and expired air of mice 
after the drug i\as administered, the following methods hn\c been developed 
They have been employed m an investigation of tiie metabolism of paralde- 
hyde (1) 

1 The determt nation of paraldehyde in blood The reaction betu een p hv droxy^- 
diphenyl and acetaldehyde in concentrated sulfunc acid uas first desenbed by 
Eegriwe (2) It was adapted by Miller and Muntz (3) to the determination of 
lactic acid, and has been used for the determination of this substance by' Stone 
(4), Koenemann (5) and Barker and Summerson (G) Block and Bolhng (7) 
have used the reaction for the dotermmation of threonine, alanine, lactic acid 
and alcohol, and Barker (8) has employed it for the estimation of the small 
amount of acetaldehy de normally' present in blood The folio \vmg adaptation 
to the determination of paraldehy de m blood has prov ed satisfactory 

Reagents Zinc Sulfate, 10 per cent, Sodium Hydroxide, 2 N , p-Hydroxv- 
diphenyl, Sulfuric Acid, concentrated, Paraldehyde, standard solutions pre- 
pared by dilution of U S P paraldehyde and checked bv placing an amount 
expected to contain 1 mgra m the tissue paraldehy de apparatus and determmmg 
the actual content as described below 

PnocEDURE A 0 20 cc simple of blood is pipetted into o centrifuge tube containing 
1 SO cc of distilled Mater the tube tightly stoppered, shaken and allowed to stand for a 
few minutes Then 0 50 cc of ZnSOi solution is added with shaking followed by 0 50 cc 
of 2 N NaOH, the tube is shaken, allowed to stand for about thirty minutes and centrifuged 
w^thln two hours 

One cc of the supernatant fluid from cich blood sample is placed in a test tube, a senes 
of standards is prepared by placing in other test tubes 1 cc of standard solutions containing 
amounts of paraldehyde corresponding to those anticipated in the unknowns All tubes 
arc stoppered and kept m an ice bath to minimize volatilization of the paraldehyde To 
each tube 10 cc of ice cold concentrated sulfuric acid arc added w lule the tubes are btmg 


* These data are taken from a thesis submitted by P H to the Graduate Faculty of the 
Tulane Lmversity of Louisiana in partial fulfillment of the requirements for the Ph D 
degree 
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shaken in the ice bath . The first additions must bo made in small fractions, each addition 
followed by shaking, in order to prevent the temperature from rising, since at temperatures 
much above room temperature, lactic acid is oxidized to acetaldehyde. The same batch 
of cold acid must be used for all tubes of one run, for variations in the water content of 
acid greatly affect the color developed. Then to each tube 100 mgm. of pdiydroxydi phenyl 
are added. The tubes arc shaken thoroughly and allowed to stand for at least an hour 
for full color development. The contents arc then poured into colorimeter tubes, and, 
after the solid reagent has come to the surface, the unknowns are compared with the stand- 
ards. 

The relation between paraldehyde concentration and color density follows Beer’s Law 
to quantities of paraldehyde up to 100 mgm. per cent. 

Table 1 illustrates the recovery of paraldehyde added to blood to make the specified 
concentrations. 


TABLE 1 

Recovery of 'paraldehyde added to blood 


PAHAlDEIlYDE 

ADDED 

PARAtDEnTOK 

RECOVERED 

PER C£NT recov- 
ery 

FARALDEn\DE 

ADDED 

paraldehyde 

RECOVERED 

per cent recov- 
ery 

mgm. per cent 

mgm. per cent 


mgm. per cent 

mgm, per cent 


5.0 

5.2 

104 

30.0 

30,0 

100 


4.9 

98 


31.0 

103 


4.7 

04 


29.3 

98 

10.0 

10.0 j 

100 

40.0 

40.6 

102 


10.6 

106 


41.0 

103 


10.2 

102 


40.2 

! 101 

20.0 

20.7 

104 

50.0 

48.4 

97 


20.2 

101 i 


49.9 

99 


20.3 

1 

102 

1 


49.5 

99 


Discussion. Tliere is a small blank value for blood for which it has been 
possible to compensate by subtracting from the determined value the value of 
the average of a number of determinations of the blank from control animals. 
In the case of mouse blood, ten such determinations gave a mean of 4.5 mgm. per 
cent and a variation of plus or minus 0.5 mgm. per cent. This blank is probably 
due to the acetaldehyde normally present in blood (8). This point was not 
investigated in the present study. 

The layer of solid reagent above the colored solution is troublesome. In the 
Klctt-Summerson (9) colorimeter used in the present study, and others having a 
horizontal light beam traversing a perpendicularly placed tube, it is only neces- 
sary to make the layer of acid deep enough for the solid to lie above the light 
beam. It is not practicable to employ this method when such a colorimeter is 
not available. In the method for lactic acid mentioned above, the solid is dis- 
solved by heating in a boiling water bath. This cannot be done in the present 
method, since the lactic acid present would be oxidized to acetaldehyde at this 

temperature. . , c u 

Previous experimenters (3-8) Imve found it necessary to weigh carefullj the 
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p liydroxjdiphenjl added to each tube In cxpcnments m connection ^\lth the 
present studj , it \^ as found that os long as an excess is added to each tube, the 
final color is independent of the quantity added, but that the rate of color de 
a elopment is greatly affected Thus in a t^ pical experiment, color de\ elopment 
noij complete in a tube to i\hich 200 mgm ^^erc added in ten minutes, but A\as 
not complete for o\ er three hours in one in \v Inch a bare excess as added This 
seems to be due to the \crj meagre solubility of the reagent in concentrated 
sulfuric acid, approximate determinations mdicatc a solubility of the order of 1 
mgm per hter Since most iiorkers have added small quantities and allowed 
the reaction to piocecd for a short time, the dependence of color density on 
reagent added seems to be explained The majoritj of the color dex elopment 
seems to occur on the surfaces of the solid This is indicated by the fact that 
in an undisturbed tube, the color develops in a narrow band adjacent to the 
lajer of solid, and can be seen to diffuse downward Aloreover, coarse crystals 
are seen to be distinctly colored at their edges Tmalli , m tw o tubes prepared 
exactly alike, except that in one the reagent was added in the form of coarse 
crjstals weighing about 10 mgm each and in the other as a very fine powder, 
color dev elopment was complete m the second in about fifteen minutes, and mthc 
first onb after more than tw o hours Dunng this time, the tubes w ere frecpiently 
shaken, in order to distribute the solid throughout the solution 

2 The determination of paraldehyde in tissues and expired air Attempts to 
appb the method described abov c to tissues w ere unsuccessful It was found 
that it IS very difficult to extract paraldehyde completely from tissues and that 
it can onlj be done with inconv enientl> largo volumes of extracting solution 
The following procedure, based on the method for lactic acid determination of 
Clausen (10) and Fnedemann, Cotomo and Shaffer (11) was employed The 
pnnciple is depoly menzation of the paraldehyde to acetaldehyde by hot dilute 
sulfuric acid, aeration of the acetaldehyde into a solution of sodium bisulfite and 
lodometnc titration of the bound bisulfite 

iXitzescu, Georgescu and Timus (12) attempted a similar determination of 
tissue paraldehy de using trichloracetic acid extracts As mentioned, the present 
experiments mdicatcd that such extractions are not likely to be quantitative 
The apparently adequate recov cries of these authors arc to be explained by their 
use of the factor for converting cc of 0 001 N iodine consumed in the titration 
of the bisulfite to mgm of paraldehyde of 0 044 mgm per cc , rather than the 
correct factor of 0 022 mgm per cc 

The apparatus used is essentially that for the lactic acid determination (11), 
except that no prov ision is made for adding permanganate The chopped tissue 
IS placed in the boiling flask which has a capacity of 500 cc , and 200 cc of 20 
per cent sulfuiic acid are added The mixture is boiled while a stream of air is 
drawn through it As the tissue dissolves, the paraldehyde is depoly mcrizcd 
and tiansported into the absorption towel , where it is combined with the sodium 
bisulfite It was found by tevt that when the tissue has dis‘<olvcd, yielding a 
homogeneous brown solution, all the paraldehyde has been earned into the 
bisulfite In the case of the mouse carcass, this required about an hour Ihen 
the contents of the tower are titrated as usual with standard iodine 
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The tissues of the mouse show a blank, which, in the case of the car- 
cass, amounts to about 0,3 mgm. Tliis has been compensated for by subtracting 
from the value determined on each experimental animal the blank determined 
on a control mouse of the same weight simultaneously. Table 2 exhibits the 
recoveries obtained of paraldehyde injected intravenously into mice. The mice 

TABLE 2 


liccovcrT/ of inlravenouslij injected ^paraldehyde 


AMOUNT INJECTED 

AMOUNT RECOVERED 

PER CENT RECOV'ERV 

m£t». 

mgm. 



0.23 

113 

0.50 

0.48 

90 

1.00 

0.93 

93 

5.00 

4.93 

i 98 

15.0 

' 14.4 

' 90 

25.0 

i 22.1 

i 8S 

60.0 

49.9 

99 


TABLE 3 


Recovery of paraldehyde in the expired air apparahts 


amount added 

AUOU.sr RECOV- 
ERED 

PER CENT RECOV 
TRV 

fJJJW. 

trtgm. 


0.010 

0.0120 

120 


0.0100 

100 


0.0105 

105 


0.0090 

9G 


0.0102 

102 

0.050 

0.047 

94 


0.049 

9S 


0.051 

102 


0.048 

96 


0.050 

100 

0.100 

0.110 

110 


0.097 

97 


0.104 

104 


1 0.095 

95 


0.101 

101 


AMOUNT ADDED 

AMOUNT RECOV- 
ERED 

PER CENT RECOV- 
ERV 

mgm. 

mgm. 


0.500 

0.500 

100 


0.491 

98 


0.485 

96 


0.508 

102 


0.502 

101 

1.00 

1.03 

103 


1.01 

101 


0.99 

99 

5.00 

4.79 

96 


4.89 

98 


5.03 

101 


were injected, killed immediately and the determinations begun as rapidly as 

^°For «ic determination of paraldehyde in expired air, essentially the same pro- 
cedure was used as that employed by Nitzescu ci al. (12) and by Defandorf (13). 
The apparatus for tissue paraldehyde determination was modified by placing the 
boiling flask, containing 200 cc. of sulfuric acid, in a boiling water bath and con- 
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necting the air inlet tube to a jar in Mhich the mouse was placed A stream of 
air is drawn through the animal jar, the expired paraldehyde transported into 
the flask containing the hot sulfuric acid, wWe it was depolymerized to acetal- 
dehyde, which is combined in the bisulBte absorption tube At intervals of 15 
or 30 minutes, the contents of the absorption toner are removed, more bisulfite 
added, and the bound bisulfite in each sample titrated mth standard iodme as 
in the usual procedure. 

Table 3 exhibits the recovery of paraldehyde obtained from solutions of the 
substance placed on natch glasses in the animal chamber. 

It should be noted that the method employed for the determination of expired 
air paraldehyde by Levine and Bodansky (14) might have been employed in these 
determinations There is no difference in the suitability of their method as 
compared nith that employed in this investigation 

SUMMARY 

Methods for the determination of paraldehyde in blood, tissues and expired 
air are described. The determination in blood is accomplished by means of the 
color reaction between paraldehyde and p-hydroxydiphenyl in sulfuric acid, 
the estimations in tissues and expired air are performed by depolyraerization of 
the paraldehyde to acetaldehyde m hot dilute sulfuric acid and absorption of the 
hberated acetaldehyde in sodium bisulfite solution, followed by iodometric 
titration. The methods have an accuracy of about 5 per cent 

The authors v ish to express their gratitude to Dr F, W. Bemhart for much 
advice and encouragement in connection vith the development of these methods 
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Information regarding the metabolism of paraldehyde is incomplete, and the 
few published studies are contradictory. Conn (1) was unable to isolate any 
products of its metabolism from the urine of dogs. La Rue (2), also using dogs, 
after a dose of 1.8 gm. per kgm. by stomach found the blood free of paraldehyde 
at the 14th hour and only traces in the urine at the 24th hour. Nitzescu, Georg- 
escu and Timus (3, 4) reported that rats excreted through the lungs 100 per cent 
of an intravenous dose of 1 gm. per kgm. in 10 hours, whereas rabbits given the 
same dose intravenously elinainated 22.8 per cent in the expired air in 10 hours. 
Defandorf (5) following the excretion of paraldehj^de given to dogs by rectum, 
found relatively small amounts excreted in the urine or by way of the lungs. 
Levine, Gilbert and Bodansky (6, 7) in recent studies have shown that in dogs 
given narcotic doses by stomach tube, up to 28 per cent was excreted by way of 
the lungs, and much smaller amounts, less than 3 per cent, by the kidneys. In 
the same animals, after liver damage had been produced by chloroform anes- 
thesia, more paraldehyde was excreted from the lungs, blood concentrations fell 
more slowly, and the hypnotic action was prolonged. Somewhat more of the 
drug, about 5 per cent, was excreted in the urine. These authors believed that 
the liver plays a dominant r6Ie in the destruction of paraldehyde. When the 
functional capacity of the liver was reduced, the slower rate of destruction re- 
sulted in the maintenance of higher blood levels for longer periods, with increased 
pulmonary and renal excretion. With the exception of the single report of 
Nitzescu, Georgescu and Timus (3) that the rat excretes 100 per cent of an in- 
jected dose, all workers are agreed that most of the paraldehyde is destroyed. 
No recent experiments designed to reveal the fate of this unexcreted fraction 
have been found. The present study was undertaken to obtain more complete 
information on the rate of excretion at different dosage levels, both in normal 
animals and after liver injury, and also, if possible, to determine what happens 
to that fraction of the paraldehyde which is not excreted. 

Experimental. Since it was desired to determine not only the rate of pulmonary 
excretion of paraldehyde, but also blood concentration and the amounts remainingin the 

* These data are taken from a thesis submitted by P. H. to the Graduate Faculty of the 
Tulane University of Louisiana in partial fulfillment of the requirements for the Ph.D. 
degree. 

^Present address: Department of Pharmacology', Cornell University Medical College, 

address: Experimental Research Laboratories, Burroughs Wellcome and 
Company (U, S. A.) Inc,, Tuckahoe, N. Y. 
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body after different intervals and doses, it vas necessary to work small animals 
These were a pure bred strain of albino Swiss mice, raised in the laboratory, fed on a diet 
of Purina dog chovi or bread and milk, uith occasional green vegetables added When it 
was desired to produce liver injury, carbon tetrachloride in doses of 1 cc perkgm dissolved 
in olive oil to make a 20 per cent solution nas injected subcutaneously, usually 24 hours 
before the paraldehyde ri as to be gv\en Ko report on the pathological histology of the 
liver of the mouse after carbon tetrachloride poisoning has come to the authors' attention 
It may be stated that the findings obtained on a senes of 24 such livers examined did not 
differ essentially from those described by Cameron and Karunaralne (S) for the rat 

The methods for determining paraldehyde m the expired air, blood and tissues of the 
mice arc described in another communication (9) The urinary excretion of paraldehyde 



Fio 1 Pulmonary excretion of paraldehyde after a dose of 0 25 gm per kgm intra- 
pentoncally Closed circles represent normal mice open circles carbon tetrachloride mice 

was not examined in this study Doses of paraldehyde given iiere as follows orally , 1 0, 
0 5, 0 25 01 and 0 05 gm per kgm , intrapcntoncally , 0 5, 0 25, 0 1, 0 05 and 0 025 gm per 
kgm These represent the range from the largest tolerated dose to the smallest after 
which excretion of paraldehyde through the lungs could be detected Determinations 
n ere made at 15 to 30 minute intervals until no further excretion could be detected Data 
were obtained mall cases on 8 normal and 8 carbon tetrachloride mice with the exception 
of the largest oral dose tolerated by the carbon tetrachloride mice, 0 5 gm per kgm , nhich 
only 3 out of 12 mice survived, and of the oral dose of 1 gm per kgm to normal mice, in 
which 16 animals were used 

Results The results obtained at the different dosage levels were strikingly 
regular and consistent In figure 1 are gi\ en the detailed data obtained from a 
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single experiment in which the pulmonarj^ excretion of paraldehyde was deter- 
mined after admim'stration of 0.25 gm. per kgm. intraperitoneally to 8 normal 
and 8 carbon tetrachloride mice. The curves were constructed by adding the 
amount of paraldehyde e.xcreted in each period to the total already excreted. 
It is obvious that excretion begins promptly, and gradually falls to zero. In 
the case of the normal mice, no more paraldehyde was eliminated after 2 horns. 
The mean excretion in the group of normal mice was 20.3 mgm. per kgm. which 



Figs. 2 an'd 3. Curves representing pulmona^ excretion of paraldehyde after various 
doses to normal and carbon tetrachloride mice. Figure 2 gives data for oral administration 
of paraldehyde, figure 3 for intraperitoneal administration. Closed circles represent nor- 
mal mice, open circles carbon tetrachloride mice. The numbers near each curve are the 
doses administered to the group of mice. In figure 2, the two lowest curves, for which the 
doses are unspecified, arc a dose of 0.05 gm. per hgm. to carbon tetrachloride mice and of 
0.1 gm. per hgm. to normal mice. The two lowest, unlabeled curves in figure 3 are for doses 
of 0.05 gm, per kgm, to normal mice and 0.025 gm, per kgm. to carbon tetrachloride mice. 

IS approximately 8 per cent of the amount administered. In the carbon tetra- 
chloride group, excretion ceased only after 6 hours, and the mean excretion for 
the group vras 65.3 mgm. per kgm., which is approximately 26 per cent. The 
results of all other experiments were similar to this, differing only in the time 
over which excretion occurred and the amounts excreted. The spread between 
the excretion of individual members of each group was of the same order as that 
depicted in figure 1. For this reason, only the mean excretion for the various 
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groups are presented in figures 2 and 3. Figure 2 shows the results after oral 
administration and figure 3 after intrapentoneal. It should be noted that no 
curve is shown for carbon tetrachloride mice corresponding to the largest dose 
shown for the normal mice for each route of administration, because each of these 
doses was fatal in the carbon tetrachloride animals. At the other extreme, for 

TABLE 1 


Excretion and desirvction of paraldehyde 


I>03£ 

PAKALDEnVDS 

EXCKETEO 

tnre 07 

EXCIETIOV ! 

lATE 07 EXCXE 

TIOV 1st IIOIX 

HEAK KATE OT 
EXCIETION 

ICCAK KATE OT 
trsTiucuON 


Paraldehyde given orally, normal : 

mice 


DifM ftr i[m 

nim per kirn 

k<mn 




1000 

83 4 

C 

2S.4 

13.9 

152 

500 

32 3 

3 

19 8 

10 8 

156 

250 

0.0 

2 

8 5 

4.5 

121 

100 

1.4 

1 

1.4 ' 

1,4 

99 

Paraldehyde given orally, CCh mice 

500 

13S.3 

7 

22.2 

19.8 

52 

250 

75 3 

7 

17 3 

10.8 

25 

100 

4.9 

2 

4.7 

2.5 

48 

50 

1.5 

1 

1 5 

1.5 

49 

Paraldehyde given intrapentoneally, normal mice 

500 

47.3 

3 

31.2 

IS 8 

151 

250 

20.3 

2 

18.1 

10 2 

115 

100 1 

4.S 

1 5 1 

4.7 1 

3 2 1 

64 

50 

1 8 

1 

l.S 

1.8 

48 

Paraldehyde given intrapentoneally, CCL mice 

250 

65 3 

6 

16 9 

10.9 

31 

100 

26 0 

3 

10 0 

8.6 

25 

SO 

7 8 

2 

6 8 

3.9 

21 

25 

1 6 

1 

1.6 

1 C 

23 


All rates are given m mgm per Icgm per hour The data in each group are the aver- 
ages for 8 mice, except in the dose of 1 gm per kgm , where IG mice were used, and m the 
dose of 0 5 gm per kgm orally to CCL mice, w here only 3 of 12 mice survived. 


the smallest dose showm for the carbon tetrachloride mice, there is no correspond- 
ing curv’e for the normal mice, since no excretion could be detected in these. 

Table 1 was prepared from the combined data in the following manner. The 
average amount of paraldehyde excreted through the lungs by each group of mice, 
divided by the number of hours over which excretion occurred, gives the value 
called "mean rate of excretion”. The average amount of paraldehyde excreted 
in the first hour by each group of mice is called the "rate of excretion first hour”. 
The "mean rate of destruction” of paraldehyde was calculated by subtracting 
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the total amount of paraldehyde excreted from the amount administered, and 
dividing by the number of hours over which- excretion occurred, on the assump- 
tion that when excretion had ceased, destruction of the drug was practically 
complete. 

The following conclusions seem to be justified by the data summarized in the 
table. In any particular series of experiments, the rate of excretion during the 
first hour and over the whole period, as well as the time of excretion and the 
quantity excreted, are functions of the dose. In every case, however, the quan- 
tity excreted is less than the quantity destroyed.-* 

In the series of normal animals, the rate of destruction is a function of the dose 
administered, except at the higher levels. In the carbon tetrachloride series, 
however, the rate appears to be approximately constant, but different for the 
different routes of administration. The authors can offer no explanation for the 
discordant values in the case of the dose of 0,25 gm. per kgm. given orally to 
carbon tetrachloride mice. Excretion for this group continued much longer 
than is to be predicted on the basis of experience with the other groups of mice, 
and the rate of destruction is consequently much lower. 

A possible explanation of the constant rates of destruction at high doses in the 
normal mice and at all doses in the carbon tetrachloride series consists in the 
assumption that there is a maximum rate of destruction and that increases in 
dose above the maximum capacity do not consequently cause increases in rate 
of destruction. It may be assumed that carbon tetrachloride causes interference 
in some way with this destructive mechanism, as a possible explanation of the 
lower and constant rates of destruction of paraldehyde in these animals. The 
findings with respect to carbon tetrachloride poisoning are taken by the authors 
to indicate that the liver is the site of an important step in the processes by which 
paraldehyde is destroyed, as was suggested by Levine el aL (6). There are no 
data to indicate that the liver is the exclusive site of this process. 

Three other series of experiments have been performed in connection with 
the pulmonar}'^ excretion of paraldehyde. In the first of these the doses of carbon 
tetrachloride and paraldehyde were constant at 1 cc. per kgm. subcutaneously 
and 0.25 gm, per kgm. intraperitoneally, but the interval between the administra- 
tion of carbon tetrachloride and paraldehyde was varied, the intervals studied 
being 6, 12, 24, 36, 48, 72 and 96 hours. It was found that the increase in excre- 
tion of paraldehyde was greatest at 24 hours and had returned to normal by 
72 hours. This corresponds with tlie time of greatest liver damage, as seen in 
histological examination. 


<Nitzescu,c^ al. (3) stated that the rat excretes 100 percent of an intravenous dose of 
paraldehyde through the lungs. In view of the fact that this finding is inconsistent with all 
other data, it seemed appropriate to reexamine these findings very briefly. Two rats were 
found to excrete 13 and 15 percent of a dose of 0.25 gm. per kgm. of paraldehyde intraperi- 
toncallv The data of Nitzescu et al. may be at least partially explained by the fact that 
thev usVd the wrong factor for converting cc. of 0.001 N . iodine used in titrating the bound 
bisulfite to mgm. of paraldehyde, employing the factor of 0 044 mgm per cc.. 
the correct one of 0.022 mgm. per cc. Hence, their results indicate an excretion of not 
more than 50 percent of the dose given. 
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In the second senes of e\penments, the do'se of paraldehyde w as kept constant, 
at 0 25 gra per kgm mtrapentoncallj , but the dose of carbon tctrachlonde >\as 
varied from 0 1 to 10 cc per kgm The interval between the times of adramistra 
tion of the carbon tetrachloride and paraldehjde ^^as 24 hours It ^^as found, 
as expected, that the quantity of paraldehyde excreted increased as the dose of 
carbon tetrachloride was increased It may be noted that the authors have not 
found even the largest of these do'^es of carbon tetrachloride to be fatal m this 
colony of mice, when administered as a single dose, siibcutaneousl} , in 20 per cent 
solution in oli\e oil 



The third scries of experiments was to check on the blood concentration and 
carcass content of paraldehyde It is rea'^onable to assume that the increased 
rate and duration of excretion of paraldehjde after carbon tetrachloride poison 
mg indicate that the concentration m the blood and quantity still present in the 
body are greater than m the normal at anj particular time after the administn 
tion of the paraldehjde It was felt worthwhile actually to make these deter 
minations In this experiment the dose of paraldehjde was 0 25 gm per kgm 
mtrapentoneallj and of carbon tetrachloride 1 cc per kgm In each senes, 
normal and carbon tetrachlonde, the rate of excretion, blood concentration and 
body content fell in parallel fashion, and after carbon tetrachlonde, all three fell 
much more slow Ij (figure 4) The obsen ation of Le\ me, Gilbert and Bodansk} 
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(6, 7) on blood content and pulmonary excretion were thus confirmed, as was 
their observation that the narcotic action of the drug is much prolonged. Thus 
the normal mice responded to vigorous stimulation about forty-five minutes 
after the drug was administered, whereas the carbon tetrachloride mice did not 
do so for about two hours. 

It was a part of the purpose of these studies to investigate the path of destruc- 
tion of paraldehyde. It appeared at the outset that the most reasonable hy- 
pothesis is that paraldehyde is depolymerized to acetaldehyde which is the 
oxidized, probably to acetic acid, and eventually to carbon dioxide and water. 

Accordingly, an attempt was made to isolate acetaldeii3^de from the expired air 
of animals to which paraldehyde had been administered. The animals, after a 
dose of 0.25 gra. per kgm. intraperitoneally, were placed in the apparatus for 
the determination of paraldehyde in the expired air, which was modified for the 
purposes of this experiment by inserting a bisulfite absorption tower between the 
animal chamber and the sulfuric acid flask (9). No excretion of acetaldehyde 
was detected. It was found by experiments mth mixtures of acetaldehyde and 
paraldehyde placed in the animal chamber, that if the animals had excreted as 
acetaldehyde 0.1 per cent of the paraldehyde administered, it could have been 
detected. 

This finding did not necessarily invalidate the working hypothesis mentioned 
above, if acetaldehj’^de were metabolized by the mice at a rate greatly in excess 
of that for paraldehyde. The pulmonary excretion of administered acetaldehyde 
was therefore investigated, using the same equipment as that previously em- 
plo^Td for the paraldehj’-de studies. The drug, freshly prepared each day, was 
administered in aqueous solution in doses of 0.5 and 0.25 gra. per kgm, orally and 
0.25 and 0.1 gm. per kgm. intraperitonealljL The first of these doses in each 
case represents the largest tolerated and the second the smallest after which any 
excretion could be detected. Each dose was administered to 8 normal and 8 
carbon tetrachloride mice. Excretion was complete in every case in 30 minutes, 
and only small quantities, about 2.5 per cent of the administered dose, were 
excreted. There was no significant increase in excretion after carbon tetra- 
chloride, nor was the lethal dose reduced. 

Since these data indicate that acetaldeh^^de is destroyed in the body at least 
four times as rapidl}^ as paraldehyde, the failure to find acetaldehyde in the ex- 
pired air of mice to which paraldehyde had been administered is not evidence 
invalidating the hypothesis that paraldehj^de is destroyed b}" depolymerization. 

The final experiments of the present series demonstrated the availability of 
paraldehyde as a precursor of acetyl groups for the acetylation of sulfanilamide. 
Mice were injected intraperitoneally mth 1 mgm. of sulfanilamide in 1 cc. of 
distilled water. Part of the mice received 5 mgm. of paraldehyde in the same 
solution, and part received a quantity of sodium acetate equimolar with the 
amount of paraldehyde. The remainder received only sulfanilamide. The 
urine was collected individually for a period of four hours, and the free and total 
sulfanilamide in each sample determined by the procedure of Bratton and Mar- 
shall (10). Data on a total of 96 mice were obtained. The results are presented 
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in table 2 It was found that after paraldehyde administration the sulfanilamide 

was excreted m the acetylated form to the extent of 45 per cent, as compared to 
29 per cent for the controls Analysis of the data bj means of the “t test” of 
Fisher (11) shonrs that the probability of the difference between the mean of the 
paraldehyde group, and of the acetate group, and the mean of the control group 
being due to random sampling errors is less than 0 001 
It has been shown that a number of substances are capable of acting as sources 
of acetyl groups Among these are pyruvate and lactate (12, 13) acetaldehyde 
(13) ethanol (14) acetoin and 2, 3 butylene glycol (15) and acetate (13, 14, 16) 
although this last finding has not been universally confirmed (15, 17) Although 
this e\ idence may not be taken as mdication that paraldehyde is normally oxi 
dized to acetic acid, it seems reasonable to conclude that it is normally 
depoly menzed to acetaldehyde, which is combusted m the bodj through some as 
yet unelucidated mechanism 


TABLE 2 

Acelylatxon of sulfanilamide 


All drugs given by mtrapentoneal injection in 1 cc of distilled water 


! 

Tft£ATll£KT 

NO or lucz 

?£! CCNT OP SULPANlXAUtBr XN 
OWO: AS AC£TYL5rLPANlLAMn>£ 

Sulfanilamide only 

34 ' 

29 

Sulfanilamide plus paraldehyde 

36 

45 

Sulfanilamide plus sodium acetate 

26 1 

45 


SUMMARY 

The destruction and pulmonary excretion of paraldehj de by normal and carbon 
tetrachloride mice have been studied, and data covenng the range from the 
largest tolerated dose to the smallest after which any excretion could be detected 
have been presented The quantities excreted vary from about fourteen per 
cent to very small fractions of the administered dose, being, for any particular 
dose, greater m the mice given carbon tetrachloride than m the normals It 
was found that the rate of pulmonary excretion is a function of the dose, and that 
the rate of destruction by norma! mice is a function of the dose at lower levels, 
but 13 constant at higher ones, while the destruction is constant and much lower 
m mice which ha\e been poisoned with carbon tetrachlonde 

Experiments have been desenbed on the excretion and destruction of acetalde 
hyde bj mice It was found that this drug is \erj rapidlj destroyed, at least 
four tunes as rapidly as paraldehyde, and that only small quantities are excreted 
in the expired air Further, it was found that the rate of destruction and excre 
tion of acetaldehyde is unaffected by the previous administration of carbon 
tetrachloride 

Finally it has been showm that paraldehyde is capable of increasmg the acetyla- 
tion of sulfanilamide by mice 
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APPENDIX 

In connection with the recent article by Burstein (18) on the toxicology of paraldehyde, 
it may be noted that in the experiments of the present study it was found that lethal doses 
of paraldehyde and of acetaldehyde in the mouse seem to cause death by massive pulmonary 
hemorrhage, and that after sublethal doses the lungs typically show large areas of pulmon- 
ary' hemorrhage immediately beneath the visceral pleura. These findings arc similar to 
those reported by Burstein for the dog. It may be further noted that the hearts of the 
animals killed with these drugs were in a state resembling that called "systolic standstill" 
as seen in the frog killed with digitalis. Whether this is a primary' effect, or secondary 
to the extreme exsanguination seen in these animals, cannot be stated. Histological 
examination of several of these hearts showed no lesions nor other changes save that the 
nuclei seemed to be somewhat nearer each other, as might be expected. 
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Phjsostigmine and the substances pharmacologically related to it exert their 
biological effects by a mechanism hich appears to be explainable largely if not 
entirely on a simple biochemical basis The history of the search for this type 
of an explanation for the mechanism of action of pharmacological agents starts 
with the discovery of Loewi (1) that physostigmine is able to pre\ ent the hydrolj - 
SIS of acetj Icholme by mhibitmg the enzyme cholinesterase 

The multitude of papers deaUng directly or indirectly with the pharmacological 
and cholinesterase mhibiting action of physostigmine is notably lackmg m quan 
titative data on any one phase of the action of this important alkaloid With 
the exception of the paper of Fuhner (2) in wrhich he used the leech muscle prep 
aration to deterrmne physostigmine, and the papers of I^rantz and Slama (3) 
and Bridel (4) which deal m a qualitative way wnth the destruction of the drug 
in vanous solutions, w e w ere unable to find any pubhcations as a source of data 
which we needed for comparison with the data reported in this paper It is of 
interest that Hes‘?e (5) m 1867 had already observed the dependence of the 
formation of rubresenne (i e , the decomposition of phy sostigmine) upon the 
hydroxy 1 ion concentration w hen he found that the charactenstic color of a de- 
composing physostigmine solution developed m a few hours in sodium bicar- 
bonate solution, m a few minutes in sodium carbonate solution, and immediately 
in ammonium hydroxide solution 

It w as decided to make in vitro a senes of sufficiently quantitative experiments 
on the action upon serum cholinesterase and on the destruction of phy sostignune 
so that the results could be used as a basis for the control and interpretation of 
biological cxpenments 

This paper reports (1) a quantitative method for the detemunation of physo 
stigmme depending upon the relation of cholinesterase activity to phy sostignune 
concentration in serum , (2) a quantitative colonmetnc method for the determina- 
tion of physostigmine, (3) the destruction of physostigmine in buffered solutions 
and m serum, and (4) the discussion of thi*! destniction from the standpoint of 
its mechanism and kinetics 

1 A method for the quantitative estimation of ^physostigmine at low concentrations 
There has been little w ork done on the estimation of phy sostigmine at the low 

^ These studies were supported by grants from the Ella Sachs Plots Foundation, the 
William IVelhngton Memorial Research Fund, and the University Committee on 
Pharmacotherapy 
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mine concentration curve for the standard horse serum. These results are shown 
in figure 2, which is a plot of cholinesterase activity in the final reaction mixture 
vs. time. These values of cholinesterase activity \vere converted to physostig- 
mine concentration in the reaction mixture from the graph of cholinesterase ac- 
tivity and concentration in horse serum. The concentration in the buffer solu- 
tion was obtained by multiplying the reaction mixture concentration by the 
proper factor, according to the degiee of dilution. 

B. Ihe experiments on physostigmine destruction were extended and ampli- 
fied ivhen a quantitative method was found for the colorimetric determination of 
physostigmine by its conversion to the colored rubreserine. Since this method 



Fig. 1. CoRve or the Per Ceht op NoRXfAL Cholinesterase Activity Plotted against 
Logarithm of the Molar Concentration op Physostigmine in the Final 
Reaction Mixture 

The final reaction mixture contained 22.2% serum and 2,7% acetylcholine bromide. 

O = horse senun (normal activity ~ 213 mM/l/hr.) 

# = horse serum diluted 1:2 with bicarbonate-Ringer solution (normal activity — 
109 m^f/l/hr.) 

(Activities expressed as millimoles of acetylcholine hydrolyzed at maximal rate by one 
liter of serum in one hour at pH 7.4 and 38°C.) 

depends upon the quantitative conversion of physostigmine to rubreserine and 
since eseroline is rapidly converted to rubreserine in ivater solution in the presence 
of oxygen, it was possible to determine the decomposition (hydrolysis) of physo- 
stigmine by following the reaction colorimetrically. Thus it ivas possible to 
obtain more conveniently the rates of destruction of physostigmine at concen- 
trations of about 10”’ M in solutions of various hydrogen ion concentrations for 
comparison with the data obtained by the enzymic method at the very low 
concentrations. 

Colorimetric estimation of physostigmine concentration: This method determines 
0.05 to 0.5 mgm. of physostigmine with an accuracy of ±2%. Larger amounts 
may be used if they are properly diluted so that 1 cc. contains an amount in the 
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stated range The lower limit of the method is 0 01 mgm , but the accuracy is 
poor m this ringe Since the total \oIume m the determination is 5 cc , the best 
range of concentration is between 0 01 and 0 10 mgm phjsostigmine salt per cc 
The reagents needed are 10% NaOH, HCl (concentrated HCl diluted with an 
equal volume of distilled water), solid NaHCOs, and M/15 phosphate buffer, 
pH 7 0 The determination is most con\ eniently carried out in a Klett tube 
graduated at 5 and 10 cc Ivnown solutions ga\e the expected straight-line 



DAYS OF INCUBATION AT 38'C 


Fig 2 Incubatiov of Physosticmine Salicylate 15X 10 irr Phosphate Buffers 
AT Various pH 

The points arc the of normal activity of the standard horse serum in the diluted 
ph^aostigmine solution (I 15 in the final reaction mixture) at the specified time of incuba- 
tion at 38®C 
O •= pH6 
• « pH 6 8 
O “ pH 8 1 


relation between concentration and Klett Summerson clinical colonmetnc 
readings (II) 

Procedure 1 cc of the solution containing between 0 05 and 0 5 mgm of 
phjsostigmine salt or the solid material diluted to contain such an amount per cc 
IS accurately pipetted into the reaction tube One drop of 10% NaOH is added 
and the solution shaken frequently during a period of one half hour At the end 
of this time the color de\ elopment appears to ha\ e reached its maximum One 
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drop of the hydrochloric acid solution is added and the mixture neutralized by 
adding small amounts of solid NaHCOs. The volume is then made up to 5 cc. 
with the phosphate buffer to prevent large changes in pH which have an effect on 
the color of rubreserine. The light absorption is then determined and the con- 
centration read from a graph of concentration of physostigmine versus colori- 
meter reading obtained with kno™ concentrations of physostigmine. 

In table 1 are a few examples of determinations of solutions of physostigmine 
(both sulfate and salicylate). Some of the solutions which were analyzed were 
made up by others so that the concentrations were unkno^\^l at the time of 
analysis. 


TABLE 1 


Physostigmine determinations using the colorimetric method 


COLOXniETXK KTADIKC 

PHYSOSTIGUIKE SULFATE 

Graphically determined concentration 

Actual concentration 


intm./cc. 

mim.fcc. 

330* 

5.0 

5.0 

325 

0.100 

0,100 

330 

0.101 

0.100 

195 

0.059 

0.060 

197 ' 

0.060 

0.060 

131 1 

0,039 

0.040 

137 

0.041 

0.040 

76 

0.022 

0.020 

75 

0,021 

0.020 

45 

0,012 

0.010 

41 

0.011 

0.010 

113 

0.042t 

0.040t 

34 

O.OlOf 

O.OlOf 


* For this determination the solution was diluted 1:50. 
t Physostigmine salicylate. 


C. The data obtained by these two entirely unrelated methods over a range of 
concentration differences of 1000 and at various hydrogen ion concentrations from 
pH 5 to 8.1 can be used to show that the mechanism of the destruction of physo- 
stigmine in buffered solutions is given by the following equation : 

Physostigmine + (OH") + H 2 O > (OH ) + Split Products 

Since these reactions were run in dilute solutions, water was in excess and thus its 
concentration did not change significantly. Also, in buffered solutions the 
hydroxyl ion concentration during each experiment was kept constant. There- 
fore, according to this equation, the rate of reaction at any one temperature must 
depend upon the concentration of physostigmine and the hydroxyl ion concen- 
tration. The reaction thus appears as a second order reaction in which one of the 












DAYS OF INCUBATION AT 38*C 

B 

Fio 3 Graphs or Destruction or Puysostiominb in Buffers or Various pH 
Sec tcTt for details 

A Enzymic method of analysis B Colonmetric method of analysis 

O •* pH 0 8 O - pH 6 0 

O *» pH 7 2 • =« pH 7 0 
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reactants has been conveniently kept constant. Mathematically the destruc- 
tion is given by the folloning equation ; 

dx 

-^ == A; (Physostigmine)(OH~) Equation 1 


According to Taylor (12) this type of bimolecular reaction in which one of the 
reactants is constant can be integrated to the following equation: 


k ^ 



Equation 2 


in which a is the concentration of hydroxyl ions, h is the concentration of physo- 
stigmine at zero time, x is the amount of physostigmine destroyed in t hours. 


TABLE 2 


Dcslrticiion of physostigmine in buffered solutions 


pH 

PH^SOSnCVINE 

COVCENTXATIOS 

VETHOO OF 
ANALYSIS 

SLOPE OT LIKE 

b 

LOG vs t 

b—x 

2J 

VALUE or 

a 

DESTKUenOV 

CONSTANT, 

XX !0« 

6.0 

3.09 X 10-5 

Colorimetric 

4.5 X 10-5 

2.3 X 10« 

liter f mol /hr. 

1.04 

6.8 

1.5 X 10-« 

Enzymic 

6.6 X 10-6 1 

3.65 X 10^ 

2.41 

7.0 

3.09 X 10-5 

Colorimetric 

6.3 X 10-6 

2.3 X 10^ 

1.45 

7.2 

1.5 X 10-« 

Enzymic 

1.9 X 10-5 

1.4 X 10^ 

2.66 

7.3 

3.09 X 10-5 

Colorimetric 

1.5 X 10-5 

1.15 X 10^ 

1.73 

7.8 

2.02 X 10-5 

Enzymic 

5.1 X 10-5 

3.65 X 10« 

1.86 

S.l 

1.5 X 10-6 

Enzymic 

5.9 X 10-5 

! 1.77 X10« 

1.04 

Average 




1.73 



tained, with its origin at zero, if the reaction does follow the mechanism put forth 
by this equation . The graphs of figure 3 A and B give the data on the reactions at 
various hj'drogen ion concentrations determined by the enzymic and colorimetric 
methods. The destruction at pH 5 and 38°C. w^as found to be immeasurably 
slow'. It is obvious that straight lines are obtained and the reactions thus appear 
to follow a second order mechanism. When k is calculated for each of the reac- 

2 3 

tions by multiplying the slope of the line by the factor it appears to be rela- 
tively constant in view^ of the extreme differences in concentration and methods 
of anatysis used. The value of k for separate reactions together with pertinent 
data on the reactions are listed in table 2. 

3. The destruction of physostigmine salicylale in horse serum at S8°C. Various 
amounts of physostigmine salicylate solution w'ere added to sterile horse serum so 
that the added volume amounted to less than 1% of the serum, and the mixture 
w'as incubated at 38°C. Controls w'ere run by adding the same volume of dis- 
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tilled \\ater to serum Senim at 38®C retamed its onginal cholinesterase ac- 
tn it} for it least 72 hours Bacterial cultures ere made to substantiate the 
stenlit} of the mixtures At inter\als, after mixing the drug and serum, Icc 
samples were taken and the cholinesterase activitj of each sample was de- 
termined Typical results of three of these experiments are shown in figure 4, in 
which percent of normal cholinesterase actuity in the final reaction mixture is 
plotted against time The activitj values of figure 4 were converted to physo- 



stigmme concentration m the reaction mixture bj the use of the horse serum curve 
of figure 1 The true ph} sostigminc concentration of serum was obtamed bj 
multiplj ing the reaction mixture concentration by a factor of 4 5 which corrects 
for the degree of dilution of the serum 

Cholinesterase actnity has been shown to be related to the total concentration 
of phjsostigmine and also the concentration of the enzyme (see fig 1 and Straus 
and Goldstein (13)] The relation betw een the actmtj and concentration can be 
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used to determine the dissociation constant of the enzyme-mhibitor complex, and 
also to determine the concentration of the enzyme. This is accomplished by 
determining the factor t, which is the fractional inhibition, at various concentra- 
tions of 7, which is the total concentration of the inhibitor in the reaction mix- 
ture. By the use of the equation derived by Easson and Stedman (14) relating 
the enzyme concentration, the total inhibitor, and the fractional inhibition, it is 



Fig. 5. Graph of the Relation of Two Terms in the Equation + E . 

1 1—1 

Ordinate = -t X 10~^: Abscissa = , — 

1 1— t 

The slope and intercept are the values of iC (= 3.0 X 10”®), and E (= 0.44 X 10"^)j re- 
spectively. The value of E is for the concentration in the final reaction mixture. 

possible to obtain graphically the enzyme concentration and the dissociation 
constant. Their equation is 

{ = K + E 

t 1 — 1 

From this equation it is expected that a graph in which the term is plotted 

against { should give a straight line. The slope and intercept of the line are the 

values of II and E, respectively. This is sho\\Ti in figure 5, in which the values of 
i and I are those for the final reaction mixture, and from this graph we obtained 
the values of 0.44 X 10"' for E, the enzyme concentration (active centers), and 
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3 0 X 10“* for K, the dissociation constant Since the reaction mixture is a 
14 5 dilution of horse serum, the enzyme concentration in the serum is 2 0 X 
10-^ M 

In an attempt to simphfy the descnption of the mechanism for the m activation 
of physostigmine in serum and to find a common denominator for the decom- 
position of physostigmine in buffered solution and m serum e setup the equation 
for the reaction of physostigmine and cholinesterase as follows 

E + l-^E + SP 


in which E is the cholinesterase concentration, J is the phjsostigmine concentra 
tion, and SP is the concentration of spht products formed in the decomposition of 
physostigmine Although this is a hydrolytic reaction, ivater is not considered m 
the equation, since it is in great excess and can thus be considered constant 
Under the conditions of the experiment there is no significant change in the total 
cholmesterase concentration Thus the reaction simplifies to exactly the same 
mechamsm as the hjdrolysis m buffered solution with the enzjme concentration 
replacing the hydroxjl ion concentration In other words, it is a second-order 
reaction in which one of the reactants reraams constant throughout the course of 
the reaction This is merely a restatement of the ordinary type of enzjmic 
reaction in which the substrate is not m excess 
In the treatment of this data on the enzymic decomposition of physostigmine 
we have used the same method as was used m the study of the hydrolysis of this 
drug m buffered solution In order to determine the rate of reaction it was neces 


sary to plot the term log j against time 

b — X 


In figure Owe have plotted these 


data on the destruction of physostigimnc on the basis of the reaction following 
the mechanism of a simple enzyme substrate reaction in w hich the substrate is 
not in excess The reaction does appear to follow this mechanism after the 
sixth hour This allows a calculation of the rate constant from the elope of the 
straight Ime drawm through experimental points followmg this time The slope 
IS 0 238 The enzyme concentration is 2 0 X 10“’ molar and thus the value of 


— lb 1 15 X 10’ 
a 


Therefore, the value of K, the destruction constant, is 2 74 


X 10* 


The slow rate at the begmning of the leaction is probably accounted for by the 
high concentration of physostigmine dunng this part of the reaction Although 
the combination of physostigmine and chohnesterase is slow in comparison with 
the rate of combination of other enzymes with their substrates (such as acetyl- 
choline and chohnesterase), the equihbnum is reached in about one hour This 
statement is based on some preliminary data obtained by determining the ac 
tmty of either horse or dog serum at several periods dunng the first few hours 
after mixing the scrum with a solution of physostigmine The most important 
factor m the early slow rate of mactu ation appears to be some sort of inhibition of 
the reaction by high concentrations of physostigmine This was brought out 
when the data was plotted as the \elocity of reaction at \anous physostigmine 
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concentrations. Wien treated in this way, the rate of destruction increases with 
increasing physostigmine concentration to an optimum velocity and then de- 
creases at higher concentrations of the substrate. Experiments ivith very liigh 
physostigmine concentrations showed a very slow recovery in cholinesterase ac- 
tivity until the activity approached 20% of the normal value. The recovery 
from this level followed the time course for a pseudomonomolecular reaction. 
The same inhibition of destruction at high concentrations of prostigmine was 
noted when the data of Easson and Stedman (14) were plotted on the same basis. 
Similar results on esterases were reported by Bamann and Schmeller (15), and 



Fig. G. Graph of the Data of the Destruction of Physostigmine in Horse Serum of 
Figure 4 Plotted as a Second-Order Reaction 

later confirmed by Murray (16), who gave a mathematical treatment of his find- 
ings. Lineweaver and Burk (17) have given graphical methods for treating 
enzyme reactions which are inhibited by excess substrate. However, our results 
at high inhibitor concentration are insufficient for the treatment they proposed. 

From our data we are able to state that the destruction of phj^sostigmine in 
serum may be calculated from the rate constant given above if the cholinesterase 
concentration, the dissociation constant, and the inhibition in the system arc de- 
termined. This will describe the destruction when the percentage activity of the 
cholinesterase is not less than 15 to 20% of the uninhibited value. At lower ac- 
tivities the reaction is too complicated for a simple description and must await 
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further experimental work undertaken for the express purpose of analyzing the 
reaction at these very low cholinesterase actnities 
Discussion The only quantitative results on the destniction of similar 
enzyme inhibitors with which we have been able to compare our data are those of 
Easson and Stedman (14), who studied raiotine in a preliminary wav and made a 
detailed study of prostigmme inactivation by solutions of punfied cholinesterase 
in order to determine the absolute activity of cholinesterase 
The rate of decomposition of prostigmme bj cholinesterase as studied bj 
Easson and Stedman w as determined by the use of the experimentally determined 
values of t and the rather complicated equation which follows 


log, 


.. !! = A (l 

•I [£) I 




lj(l “ *l) (1 - tl)(l 








From this equation thej plotted the value < log. 


ii(l - l2) 


+ 7 


agamst log, - from experiments in which (fj — was kept constant, and found 

that the points lay on a straight Ime with the exception of the lowest and the two 
highest values obtained From this straight hne they w ere able to determine the 

ratio ^ , which was equal to the slope, and the term 7^. which was the mter 
E [E] 


cept From these ratios and the previously determined values of K and E, the 
V alue of the destruction constant w as obtained 
When we attempted to use the same method m handling our data on the de 
composition of phj sostigmme m serum, it was found that only a few of the points 
lay on the part of the graph which viould be expected to give a straight Ime 
relation Most of the points gave an impression of something approaching a 
tnangle The graph of Easson and Stedman is somew hat similar The high and 

low values gave points far off the straight line which was drawm The results of 
Easson and Stedraan’s experiments appear to be more suitable to their graphical 
treatment than do our owti This is, vie beheve, due to their determmation of 
onlj a few points, the majority of which fell into the fortuitous range in which the 
points seem to form about a straight line 


SUMMARV 

1 A method IS reported for the quantitative estimation of phj sostigmme at 
concentrations between 10”® and 10“® molar This method depends upon the 
quantitative relation of the inhibition of serum cholinesterase activity to the 
physostigmme concentration in the above range of inhibitor concentration 

2 A colorimetric method for the estimation of physostigmme is described 

3 The decomposition of physostigmme in buffered solutions at pH 5-9 has 
been studied The rate of destruction is a reflection of the physostigmme and 
hy droxy 1 ion concentrations 

4 The rate of scrum inactivation of physostigmme has been shown to be 
related to the concentration of both the drug and the cholinesterase activity when 
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the.serum activity is greater than 15-20% of the normal uninhibited activity. 
When the physostigmine concentration is sufficient to depress the cholinesterase 
activity more completely, the rate of physostigmine destruction is slow. This is 
interpreted as an inhibition due to excess substrate (physostigmine). 
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In a senes of experiments from this laboratorj the destruction of physostigmme 
in vilro IN as studied in n arious media (1) It nn as possible to determme changes m 
phjBOstigmme concentration by estimating the percentage change of cholin- 
esterase activitj of a standard sample of serum in the presence of this alkaloid, 
the concentration of ivhich under standard conditions, shons a quantitative 
relation to cholinesterase actnity (see figure 2 phjso'stigmine curve) It was 
obsen cd m thc^ie experiments that inhibitory actixnty reappeared in solutions of 
phj «;ostigmine which were tested for their action on cholinesterase activitj after 
the onginal mhibitorj activit> of the solution had been lost For instance, when 
the rate of breakdow n of physostigmme in phosphate buffer at phj ‘siological pH 
and 38®C was determined, the cholinesterase inhibition b> phj sostigmine xxas 
completely lost in 30 days, but after 60 davs there w is evidence of a return of 
some inhibitory power to the solution Similarly when the cholinesterase ac 
tmty of a solution of horse seium in bicarbonate Ringer solution containing 
pliysostigrame w as estimated at intervals for a period of sex eral hours, it returned 
to normal in 15 to 20 hours Later, howeier, the cholinesterase activity de 
creased to 90% of the normal (fig 1) 

T Tom. these ohserv ations it w as postulated that some of the breahdow n products 
of physostigmme were inhibitors of cholinesterase The clanfication of this 
pomt seemed important m connection wath the general problem of the metab 
ohsm of physostigmme smee the body iids itself of phy sostigmine mainly by 
destroyang the substance (2) 

Some of the primary reactions m the mechanism of the decomposition of 
physostigmme are w elL established The first reaction is a hy drolysis of the 
methylcarbamyl group and the formation of eserolme There follows an oxida 
tion during which eserolme is conxerted into nibre«:enne Rubreserine xxas 
showai to be an ortho qumone related m structure to adrenochrome, and, as it was 
possible to convert it to esenne blue, it must be considered an intermediate m the 
formation of the blue substance (3) Further destructiv c reactions result m the 
browai mixture called esenne browai 

The only papers that have come to our attention on the biological activity of 

N These studies xvere supported bj grants from the Ella Sachs Plotz Foundation, 
the Wilham W Wellington Memorial Research Fund, and the University Committee on 
Pharmac othorapy 
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the two important breakdo^vn products of physostigmine, rubreserine and 
eserine blue, are those of Eber (4) and Heubner (5), both of whom found no sig- 
nificant activity in biological tests of these substances. 

The compounds used in this study were prepared from physostigmine sulfate* 
by Ellis (3) . Their chemical and physical properties are as follows : 

Eseroline, Ci jHigONj, colorless crystals, m.p. 128°. 

Rubreserine monohydrato, CuHjgOzNj-HaO, red crystals, m.p. 132-133°. 

Eserine blue dihydrochloride, CitH 2302N3'2HC1, blue amorphous substance, decom- 
poses above 300°. 

Eserine brown, a brown amorphous mixture, decomposes above 300°. 



HOURS OF INCUBATION AT 38* C 

Fig. 1. Recovery of Serum Cholinesterase Activity during Incubation at 38°C. of 
20 cc. of Horse Serum Mixed with 0.4 cc. of 1:100,000 Physostigmine 
Salicylate 

The experimental points are the per cent of the normal activity in the final reaction mix- 
ture, which was a dilution of 1:4.5 of the serum-physostigmine solution. 

1. The effect of the hreakdovm products of physostigmine upon the aciivily of 
cholinesterase, Rubreserine, eserine blue, eseroline, and eserine browm were 
tested as to their influence upon the activity of cholinesterase of horse serum 
in vitro by the method of Friend and Krayer (6). The substance under investi- 
gation was dissolved in bicarbonate Ringer solution and the concentration cal- 
culated on the basis of the amount in the final reaction mixture. 

Rubreserine and eserine blue proved to be inhibitors of cholinesterase. In 
order to rule out the possibility that the inhibitory action of the compounds was 
due to contamination with the much more potent physostigmine, theactivity of 
the preparations were determined at various concentrations. The results are 

*The physostigmine salicylate used in these experiments was generously supplied to us 
by Mcrch & Co., Inc., Rahway, N. J. 
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icported in figure 2 A comparison of the slopes of the curves obtained for 
nibresennc and cscrine blue i\ith that for physostigmmc demonstrates rather 
conclusuelj that the cnzjmic inhibition caused bv rubresenne and csenne blue 
uas not due to contamination uith phjsostigmme From the data of figure 2 
obtained in a final reaction mixture containing 22 2% horse serum, inhibition to 
50% of the normal acti\ ity u as produced bj the following concentrations in 1 cc 
of the reaction mixture phj sostigmine sahej late, 0 02 microgram (4 X 10“* 
molar) rubresenne, 2 3 micrograms (9 9 X 10 * molar), escrine blue, 1 7 micro 
grams (5 7 X 10 ® molar) (Physostignune sulfate and phvsostigminesahc 3 late 
showed the same actiMtj in equimolar concentrations ) 

A further proof of the tnie actnitj of nibreserine is the conaersion of the 
inactu e eserohne to the activ e rubresenne A 'solution of escrohne in bicarbonate 



LOG OF MOLAR CONCENTRATION IN REACTION MIXTURE 
Tie 2 Inhibition of Choi iVESTtRASE Activity in 22 2^ IIohsl Serum in mtro 
The Relative Potency OF PiiYsosTiGMiM Psfrinf Blue and Rubreserim. 

Ringer solution (in a concentration such that the final reaction mixture would 
contain 10 micrograms per cc ) was colorless and did not inhibit cholinestera‘?e 
Howe\er, after standing for one da\, the solution which had tuincd pink, de 
pres'^ed the cholinesterase activitj of horse serum to 90% of the normal W hen 
kept for one month in the refrigerator below 4®C , this solution retained its pink 
color as well as its actu ity 

Of sexeral preparations of C'serme brown onlj one showed inhibitorj actnitj 
'\\hen tested at sex era! different concentrations, it became e\ident that the 
activitj was due to contamination with csenne blue This was later shown 
chemicalh b> the tjpical green nuorescence which appeared m the cliloroforin 
lajer when the pieparation was extracted with that sohent Fuithcrmore, 
acidification of a solution of this c'lerine brow n in bicarbonate Ringer brought out 
the red fluorescence characteristic of cscniic blue m acid solution r''Crine 
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brown, therefore, must be considered devoid of inhibitory action upon cholin- 
esterase, The highest concentration of inactive eserine brown used was 10 
nucrograms per cc. of reaction mixture, or four times the concentration of 
rubreserine leading to 50% inhibition. 

2. Biological aciiviiy of rubreserine and eserine blue. In conformity vith their 
effect upon cholinesterase activity in vitro, rubreserine and eserine blue caused 
pharmacological effects similar to ph3^6ostigmine upon surviving biological 
preparations as well as upon the intact animal. 

The leech muscle strip, prepared in a manner similar to Fuhner's technique 
(7), was sensitized to acetylcholine by concentrations of rubreserine (4 experi- 
ments) and eserine blue (3 experiments) which in themselves did not influence the 


J 2 Is 


Fig. 3. 2/13/42. Leech Muscle Strip Suspended in Ringer Solution. 

At It acetj'Icholinc chloride 1:500,000; at B, acetylcholine chloride 1:1 million; at 3, 
acetylcholine chloride 1;100 million. Betn’cen B and 3, rubreserine 1:500,000 for 53 min- 
utes. Time intervals in minutes. 

acti\rity. Figure 3 illustrates the action of rubreserine. The effect of acetyl- 
choline was increased more than a hundredfold. It is noteworthy that the 
concentration of 1 : 500,000 used was the same as that commonly used of phj^so- 
stigmine salicylate or sulfate. Similarlj^ the rectus abdominis muscle of the frog 
was sensitized to acetylcholine by nibreserine (27 experiments) and eserine blue 
(19 experiments). 

The smooth muscle preparation of the small intestine of the rabbit in the ar- 
rangement of Magnus (8) was stimulated by both substances in low concentra- 
tions such that tone and amplitude of contraction increased. As the action of 
rubreserine and eserine blue (between 1 *.3 million and 1^2 million), as well as that 
o{ physostigmine salicylate (1:6 million), proved reversible, this metliod made 
possible a comparison of the alkaloids. Physostigmine salicylate was appro-v- 
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imately 2.5 times as potent as rubreserine (7 experiments) and about 3 times as 
potent as eserine blue (8 experiments). AVith high enough concentrations the 
typical spastic state of the gut appeared; figure 4 shows the effect of eserine blue 
1 : 600,000, as w ell as the characteristic prompt abolition of the action by atropine 
sulfate. 

WTien 1-2 mgm. of eithei rubreserine (3 experiments) or eserine blue (2 ex- 
periments) ivas added to the blood in the heart-lung preparation of the dog 
[prepared according to ICaowlton and Starling (9)1 one-half to one hour after 
severing the vagi, the heart rate gradually decreased As the total blood volume 
of these heart-lung preparations was about 600 cc,, the concentration employed 
was in the range of 1 *.500,000 to 1 : 250,000. The marked drop in heart rate could 
be counteracted readily by the administration of 0 5 mgm. of atropine sulfate. 



Fig 4. 2/1G/42 Isolated nABPiT Intestine (Ileum) 

/.OOSmgm eserine blue, 0 05 mgm atropine8iilffltc,S, 0 5mgm eserine blue Capac- 
ity of the bath, 30 cc Time in 1-mmute intervals 


In the intact cat two drops of a solution of 1:1,000 of either rubreserine or 
csenne blue (two experiments each) instilled into the conjunctival sac caused a 
miotic effect which began after 15 minutes and led to a complete contraction of the 
pupil within CO minutes The pupillary effect could be abolished in the charac- 
teristic way by local administration of 1 to 2 drops of atropine sulfate 1: 1,000. 
Rubreserine 1:1,000 was also given into the eye of two rabbits and caused a 
constriction of the pupil lasting for several hours 
Neuro-musculni effects. Se\en experiments, 1 with nibrcserine, 2 with eserine 
blue, and 4 with physostigraine sulfate, were done on 6 cals under dial* anesthesia 

*Djal contains 0 I gr.'im of dial and 0 4 gram of urothanc per cc Thin mixture was 
generously supplied to us by Ciba Pharmaceutical Products Inc 
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(0.7 cc. per kgm. bod^^ weight intraperitoneally) with uniform results. The 
sciatic nerve was cut above the hip, and shielded electrodes were then applied to it 
at the level of the liip. Single supramaximal condenser discharges of brief 
duration were delivered to the nerve for long periods at a rate of one per 4,2 
seconds. The twitches of tlie calf muscles were recorded on a drum from the 
Achilles tendon, which was dissected free and tied to a myograph. After a few 
minutes of stimulation the height of the twitch became steady and intravenous 
injections of 0.1 mgm. per kgm. of physostigmine sulfate produced an easily recog- 


B 

5 MIN. 

I- ■ ■ ■ I 


A 

Fig. 5. Effect of Rubreserinb ox Maximal Twitch Height of Circulated Cat Calf 
Muscle Compared with That of pHVsosTrcMrxE 
See text for details of prcpar.ition. At A, 1 mgm. of rubrescrinc per kgm. intravenously 
At B, 4 hours later, 0.3 mgm. of physostigmine sulfate per kgm. 

nized increase in twitcli height (10). The injection of eserine blue or rubreserine 
in doses of 1 to 1.5 mgm. per kgm. elicited somewhat less increase in twitch height 
than 0.3 mgm. per kgm. of physostigmine sulfate (fig. 5). 

As a marked increase in pendular movements and in propulsive activity of the 
gut was observed in a cat as well as in a rabbit with abdominal window under 
anesthesia after repeated injection of 1 mgm. of rubreserine, e.vperiments were 
made to test the effect of rubreserine and of eserine blue on rabbits and dogs 
without anesthesia. In table 1 is recorded the time course of two experiments 
with rubreserine given intravenously. 
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In two other rabbits increased intestinal acti\’ity resulted in the passage first of 
formed and later of fluid feces after the administration of a total amount of 1 5 
mgm of rubresenne per kgm body weight m 3 equal doses mthm 30 minutes 
Esenne blue given in a do'^age of 0 5 mgm per kgm to a dog had no noticeable 
effect upon gastromtestinal activity and was also inactive in two rabbits, one 
given 0 5 mgm per kgm in a single dose and the other a total amount of 1 9 
mgm per kgm m 3 doses withm 45 minutes 


TABLE 1 

Effect of rvhresertne on normal mammals 


TQtE 1 

EEUAIKS 

Rabbit 2 11 kgm 1 mgm rubresenne injected into ear vein at zero time (time in 
minutes after injection) 

3 

Some gnawing movements 

7 

Passes formed feces gnawing movements continue 

9 

1 Passes thin feces 

11 

GnaiMng movements continue, cars drooping 

12 

[ Passes liquid feces, very marked gnaning movements 

33 

Animal has been sitting throughout Swallowing movements from 
time to time little motor activity 

56 

No noticeable change 

Next day 

Animal shows no after effects 

Dog 25 7 kgm 

10 mgm rubresenne injected into vein of hind leg at zero time 
(time in minutes after injection) 

2 ' 

Scratching violently 

6 

Salivation continues to scratch wildly 

7 

Marked salivation, passes large amount of formed feces Scratching 
less 

9 

Passes small amount of feces after repeated unsuccessful attempts 

10 

Marked salivation continues Passes liquid feces Scratching has 
subsided 

13 

Passes liquid feces 

16 

Lying down Salivation still increased 

30 

Lying down Marked salivation 

47 

Animal more active, some salivation 

100 

Animal appears normal 


3 Comparison of biological effect of rubresenne and esenne blue with earlier 
uork The results of our experiments on the biological actmtj of some of the 
breakdown products of physostigmme, especially of rubreserme, are at vanance 
with the reports m the literature Heubner (5) found the subcutaneous 
mjection of 20 mgm and 45 mmutcs later of 60 mgm of rubresenne to an 11 kgm 
dog without effect Likewise m a rabbit of 2 kgm kept in a saline bath at 37°C 
with the abdomen opened for observation of intestmal activity, 40 mgm of 
rubresenne given intravenously w as without effect Similarly 12 mgm of e'^enne 
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blue given intravenously to a normal rabbit of 2.15 kgm. within 10 minutes had 
no noticeable action ; only in the frog eserine blue had a paralyzing action upon 
the heart and upon the central nervous system. This discrepancy required an 
examination of the detailed chemical methods used by Heubner for the prepara- 
tion of the material used in his biological experiments, but unfortunately his 
description is not given in sufficient detail. It would appear that to prepare 
rubreserine Heubner heated for up to three days at 80 to 90°C. in air or oxygen a 
solution of physostigmine sulfate which had been converted to free physostigmine 
by the addition of barium hydroxide. The resulting red solution was then made 
alkaline and extracted vdth chloroform. Our attempts to duplicate Heubner’s 
procedure resulted in a blood red solution at the end of the three-day period, but, 
contrary to Heubner, who recovered only rubreserine, the material extracted by 
us proved to be mainly eserine blue, a substance which Heubner knew to show a 
red fluorescence. The dried residue of the three-day sample was found to be 
practically inactive when injected intravenously into dogs in a dose as high as 
2.0 mgm. per kgm. 

The conversion of physostigmine to its breakdovm products under Heubner’s 
conditions was then followed colorimetrically, using the method developed by 
Ellis (1), and conversion of the physostigmine appeared to be complete in about 
ten hours. Samples taken at 5 and 10 hours, extracted with chloroform, and 
dried in vacuo contained much rubreserine, and the 10-hour sample contained 
more eserine blue than the 5-hour one. 

A comparison of the 5-hour, 10-hour, and 3-day samples in dogs gave the 
following result: The material from the 5-hour sample was injected intraven- 
ously into two dogs, to one in a dose of 0.85 mgm. per kgm. body weight, followed 
in 50 minutes by a second dose of 1.25 mgm. per kgm., to the second in a single 
dose of 1.7 mgm. per kgm. The animals became somewhat restless, began to 
scratch rather 'wildly, as was noted in table 1, and continually, for some time, 
rubbed their bodies against the wall and floor of the cage. No other effect was 
observed. The 10-hour sample when given in a dose of 0.8 mgm. per kgm. to 
one dog caused salivation, and very shortly the mouth of the animal was full of 
froth; difficulty in breathing led to a marked cyanosis. The animal became 
ataxic, unable to walk, and began to tremble as though it had slight clonic 
convulsions. Feces were passed repeatedly. Within one hour recovery was 
nearly complete. A dose of 1.15 mgm. per kgm. in a second dog rapidly caused 
salivation and frothing. Clonic convulsions appeared, together vith marked 
difficulty in breathing. Deep cyanosis developed and the animal died 1 1 minutes 
after the injection from asphyxia in a convulsive attack. 1 .9 mgm. per kgm. in a 
third dog caused the same symptoms as in the second animal. Atropine sulfate 
given 15 minutes after the injection relieved the difficulty in breathing and the 
cyanosis disappeared. The convulsive attacks continued but could be suppressed 
by ether anesthesia. Anesthesia was kept up for about 30 minutes, and the 
animal subsequently recovered. 

The 3-day sample given to three dogs in a dose of 0.8, 0.85, and 2.0 m^. per 
kgm. was similar in its effect to the 5-hour sample in regard to the initial motor 
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excitement and scratclimg, but subsequcntlj t\\o of the animals appeared more 
depressed In only one dog (0 3 mgm per kgm ) defecation was observed sev- 
eral times The unne of the animal receiving 0 35 mgm /kgm w as collected for 
20 hours, and 2% of the total amount of matenal administered was recovered as 
esenne blue from the urine 

The toxacity of the 5 hour, 10 hour, and 3 daj sample was tested in mice, giving 
three graded doses of each substance to groups of C animals each bj injection into 
the tail vein The approximate L D 50 m mgm per kgm of body weight was as 
follows 5 hour sample, 1 5, 10 hour sample, 1 2, 3 daj sample, 12 0 In com- 
parison, physostigmme sulfate had an L D 50 of 0 25, rubresenne of 2 0, and 
esenne blue of 2 0 mgm per kgm 

Discussion A few reports have appeared in the literatuie on the biological 
activity of products obtained from ph} sostignune Thus, rubresenne and 
esenne blue were found by Eber (4) to bo inactive Salway (11) reported that 
physovemne, an unusual monocster of carbonic acid, which was claimed to be 
foimed when onlj the mcthylamine group of physostigmme was hjdrolized, was 
a pow erful miotic Since this compound readil} formed rubresenne, it appears to 
us that the activity may have been due to that compound Schweitzer, Sted- 
man, and Wnght (12) found that eserolme hydrochlonde showed a slight in- 
hibition of cholmcstera'^e in mtro m a concentration of 5 X whereas physo 
stigmine sulfate was active at 10~* molar They also reported that eserolme 
showed a feeble stimulation of spinal reflexes m vivo with an action about ^ of 
that of physostigmme We found it practically impossible to test eserohne m a 
concentration greater than 1 100,000 at phjsiological pH Solutions with 
higher concentrations rapidly turned pink because of the formation of rubresenne 
m an amount sufficient to cause enzymic action The reports on the activity of 
eserolme at physiological pH with no special precautions taken to prevent 
oxidation are therefore questionable 

The strong inhibitorj effects on chohnestera'se shown bj rubresenne and 
esenne blue are remarkable when it is considered that these compounds do not 
contain the carbamyl ester linkage which Stedman (13) assumed to be essential for 
an efficient inhibition of cholinesterase It has been shown, how ever, that sub- 
stances which do not have the carbamyl group, such as strychnme (14), atropme 
(15), and morphmc (IG), are inhibitors of cbolmesterasc, although their actmty 
is very low compared with physostigmme or prostigmme More recently 
Hentz (17) reported that methylene blue m vitro as well as in vivo inhibited 
cholmcsterase activity almost as powerfully as did physostigmme, while trypa 
flavine he found to be a less powerful inhibitor Trjpaflnvine is m about the 
same range of potency as rubresenne and esenne blue The results of Hentz 
are in accord with those of Massart and Dufait (18), who state that basic djes 
inhibit cholmesterase, whereas acid dyes do not 

Our experiments on isolated organs and on normal animals indicate that 
nibreserine and esenne blue are pharmacologically active substances and that 
their actions can at least partly be explained on the basis of their cholmesterase 
inbibilmg properties We cannot saiisfactonl> explam wh> Heubner was 
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unable to observe such activity. In the first place, it is not possible from his 
statements to be certain about the purity of his rubreserine and eserine blue. 
Furthermore, his negative e\idence is based essentially upon the results of two 
experiments, one vith a normal dog, the other mth a rabbit. If Heubner used a 
preparation similar to our 3-day sample of breakdovm products, rather than pure 
rubreserine, as he assumed, then the subcutaneous injection of 2.7 mgm. per 
kgm. followed 45 minutes later by 5.6 mgm. per kgm. of body weight in his dog 
experiment can well have been just below the effective dose, as we have showm 2 
mgm. per kgm. of the 3-day sample to be without effect when injected intraven- 
ously. Heubner’s negative evidence, then, rests vdth an experiment in a single 
rabbit in which he injected intravenously 20 mgm. of his rubreserine per kgm. 
without effect. This does not agree vith the L.D. 50 in mice of 12 mgm. per 
kgm. even for our 3-day sample and still less with the higher toxicity of the 5- 
and 10-hour samples and the effect of our rubreserine. 


SUMMARY 

1. Rubreserine and eserine blue are strong inhibitors of cholinesterase. On 
serum cholinesterase in vitro thew potency on a molar basis is 1/ 100th that of 
physostigmine. Eseroline and eserine brown are devoid of this action. 

2. Rubreserine and eserine blue sensitize the leech muscle strip and the rectus 
abdominis muscle of the frog to acetylcholine. They cause an increase in am- 
plitude of contraction and tonus of the isolated small intestine of the rabbit, 
a decrease in heart rate of the isolated, denervated mammalian heart, and a 
constriction of the pupil of the eye of the cat and rabbit. The action upon the 
isolated gut, heart rate, and pupil of the eye can be abolished promptly and 
completely by atropine. 

3. The maximal t\ritch height of the calf muscle of the cat in response to single, 
brief supramaximal condenser discharges was increased by rubreserine and eserine 
blue in a similar way as vith physostigmine. 

4. Experiments are reported on the pharmacological action of rubreserine 
and eserine blue upon normal rabbits and dogs after intravenous injection and on 
the toxicity of rubreserine, eseiine blue, and physostigmine in mice after intra- 
venous injection. 

5. Reasons are discussed for the failure of previous investigators to show the 
pharmacological properties of rubreserine and eserine blue. 


We are indebted to Dr. George H. Acheson for the experiments on the neuro- 
muscular effects, and to Dr. Gonzalo Montes for most of the experiments on the 
isolated rabbit gut and the rectus abdominis muscle of the frog. 
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Comparative studies of the absorption, excretion and blood levels after single 
doses of sulfadiazine, sulfamerazine and sulfamethazine in man have been re- 
ported recently (1, 2). Calculations from these data show that the blood and 
plasma levels of all these drugs are higher than would obtain if the amounts of 
drugs present in the body at a given time were equally distributed throughout 
the body Water, For sulfadiazine, the concentrations found in the plasma when 
given amounts of drug were present in the body (1, 2) accord with the fact that 
about 55 per cent of the plasma sulfadiazine is not dialyzable, being bound to 
plasma protein (3, 4, 5). For a given amount of drug in the body, the plasma 
levels of sulfamerazine and sulfamethazine are considerably higher than for sulfa- 
diazine (1, 2, 6, 7), suggesting that these drugs are bound in the plasma to a 
greater extent than is sulfadiazine. 

To test this hypothesis, comparative in vitro dialysis studies of the extent of 
binding in the plasma of these three drugs and of their acetyl derivatives' were 
•made. The results of these in vitro studies have been compared with the “fn 
vivo*^ binding of the drugs in the plasma, calculated as described below from 
available data for absorption, excretion and blood levels after single doses of the 
drugs in man (1, 2, 6, 7), The distribution of the compounds between plasma 
and red cells were also studied. 

The relative extent of binding of these sulfonamides would appear to be im- 
portant in respect to the relative therapeutic effectiveness of a given plasma level 
of the drugs. Information on the binding of these compounds is also of practical 
importance in interpreting the absorption rates of the drugs from the rates of 
increase of the blood concentration and in the measurement of clearance values 
of the compounds. 

Methods. Studies were performed on fresh human blood from several normal subjects, 
using oxalate mixture as anticoagulant. The plasma dialysis experiments were conducted 
as described by Davis (4). The buffer salt solution was adjusted to pH 7.4 and the plasma 
in cellophane bags was dialyzed against this solution for 48 hours in the refrigerator. The 
protein concentrations of the plasma samples after dialyzing were measured as described 
by Kingsley (8). Sulfonamide concentrations were measured according to Bratton and 
Marshall (9); when known amounts of the compounds studied were added to whole blood, 
the results of analysis accorded satisfactorily with the amounts added. 

‘Throughout this paper, ''acetyl'" derivative refers to the N^-acetyl derivative. All 
of these compounds were kindly supplied by Lcdcrlc Laboratories, Inc. 
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Calculations of the pcrcentaRC of bound sulfonamide in the plasma n ere made ns follon’s 
Plasma w atcr per unit of dialyzed plasma (correcting bj the formula used by Davis (4) for 
the small space occupied b> protein) Tihen multiplied bj the concentration of the sulfona 
mide m the dialjsate gives the concentration of unbound sulfonamide in the dtal>zed 
plasma This value is subtracted from the total concentration of sulfonamide in the 
dialyzed plasma to give the concentration of bound drug Since some dilution of the 
plasma protein occurs during dialysis, the extent of binding for plasma of 7 0 gm of protein 
per 100 cc (i c , the average value for normal undialj zed plasma) is calculated by dividing 
the concentration of bound drug in the dialyzed plasma bj the protein concentration 
(grams per 100 cc ) and multiplying by 7 0 This last value is then divided by this last 
value plus the plasma concentration of unbound drug {as calculated above) andmuUiphed 
bj 100 to give the percentage of bound sulfonamide (tabic 1) 

The distribution of the sulfonamides between red cells and plasma was studied es 
sentialb as described by Hcincmann (5) Solutions of the compounds w ere made in M/100 
phosphate buffer w ith final pH of 7 4 and 1 or 2 cc of these solutions sufiicicnt to give the 
desired concentrations of sulfonamide m the blood samples w ere dried in small flasks The 
sulfonamide w as rcdissolved lu the plasma of 5 or 10 cc of blood and the red cells then 
added The blood was shaken occasionally at room temperature for one hour, the blood 
with added sulfonamide was at pH 7 4-7 5 The data were calculated as milligrams of 
compound per 100 cc of cell and plasma water, using the \aliic8 72 and 94 per cent re 
spcctivclj for their w atcr contents (10) 

The percentages of the drugs bound m the plasma inixio were calculated from the data 
of seacral investigators for the absorption, excretion and blood or plasma levels following 
single oral doses of the drug as follows * The average value for the subjects studied bj 
each author was used The amount of drug excreted in the urine during the first S or 12 
hour period (corresponding with the time that blood level and unnarj excretion data were 
axailnble) after the drug was ingested was subtracted from the total amount excreted in 
the urinf the value obtained being taken as the total amount in the bodj (A) (table 4) 
The concentration of the drug to be expected in the bodj water (B) if the drug were cquallj 
distributed throughout the bod^ was calculated by dividing the amount m the body (A) 
by the water of the bodj The concentration of dinlyzablc drug in the plasma (C) was 
estimated bj multipl>ing B b\ 94/100 (to provide a small correction for the space taken 
b> the protein in the plasma) When C is subtracted from the total plasma concentration 
of sulfonamide (D) and the result divided by D and multiplied b> 100 an estimate of the 
percent of the drug bound in the plasma (E) is obtained 

Since the concentration of total drug (bound unbound) in the blood is higher than 
the calculated concentration of dializnble drug (B) the value B which was gained hj as 
sumtng at first (for purposes of this analysis) that the drug w as equally distributed through 
out the body is obviously slightly too high l\1icn B is corrected by taking into account 
this recognized unequal distribution due to binding in the blood the newly calculated 
per cent of bound sulfonamide m the plasma becomes increased by 3 (±1) (i c , 49 per cent 
bound = 62 per cent bound) As this correction is small and certain further assumptions 
were necessary to make it, the values presented for per cent of bound sulfonamide (h») 


’Certain assumptions were made in these calculations The average weight of the 
adult subjects studied was considered to he 70 kilograms if the weight was not stated, and 
the water content of the body was taken as 76 per cent of the body weight Ihc total 
amount of drug excreted in the urine during the several days after the drug was adminis 
tered orally was considered to represent the amount absorbed and absorption was con 
aidcred complete in 8 to 12 hours after ingestion of these drugs The calculations are made 
on the basis of total drug m the body (i e free plus acctylatcd), the error introduced is 
small since the binding in the plasma of the acctylatcd compounds does not differ greatly 
from that of the parent drugs \\hen the plasma sulfonamide level was not given, it was 
estimated by multiplying the blood level by the factor 1 4 (5 7) (table 3) 
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in table 4 as gained from the data of different investigators are the uncorrected values; 
the average values for each drug include the correction as indicated (table 4) , * 

Results. The in vitro dialysis studies (table 1) show that sulfaraerazine and 
sulfamethazine are bound in normal human plasma to a considerably greater 
extent than is sulfadiazine. Similarly, acetylsulfamerazine and acetylsulfa- 
methazine are bound to a greater extent than is acetylsulfadiazine; at a given 
plasma concentration of compound, all of these acetyl derivatives appear to be 
bound to a somewhat greater extent than are the respective drugs (table 1). 
As the plasma concentration of drug is decreased, the percentage of binding of 
the drug increases significantly (table 1). The results for different individuals 
agree well; some variation is to be expected in accord 'with the slight normal 

TABLE 1 


The degree of binding of S^sulfanilamidopyrimidine compounds in normal 
human plasma at pH 7,4 

(Calculated for plasma protein concentration of 7.0 gm. per cent) 


SUBJECT 

COMPOUND 

Sulfadiazine 

1 Sulfamerazine 

f Sulfamethazine 

Plasma level 

Amount of 
drug bound 

Plasma level 

Amount of 
drug bound 

Plasma level 

Amount of 
drug bound 


mg./IOO cc. 

per cent 

mg,/ too cc. 

per cent 

mg./ too cc. 

P$r cent 

B. B 

18.8 

64 

27.8 

70 

28.2 

71 

G. R.— 1.... 

15.2 

52 

23.1 

71 

23.8 

72 

A. T 

9.3 

57 

17.7 

84 

16.1 

'85 

M. V 

8.8 

54 

11.9 

82 

9.2 

78 

G. 

4.4 

60 

8.2 

87 




Acetylsulfadiazine 

Acetylsul famerazi ne 

Acetylsulfamethazine 

A. G 

26.2 

60 

27.6 

78 

36.4 

78 

G. R.— 2.... 

14.8 

65 

IS. 9 

88 

23.8 

88 

M. V 

12.5 

58 

18.9 

84 

25.4 

84 


variations in plasma albumin; globulin ratios. For a plasma level of drug of 10 
mgm. per 100 cc. and protein concentration of 7.0 gm. per 100 cc., the average 
values for binding are estimated as 56 per cent for sulfadiazine, and 84 per cent 
for both sulfamerazine and sulfamethazine. 

Expressing the findings in terms of dialyzable sulfonamide in the plasma (table 
2), the data show that blood with 20 mgm. per 100 cc. of sulfamerazine or sulfa- 
methazine contains approximately the same molar concentration of freely diffus- 
ible drug in the plasma as does blood with 10 mgm. per 100 cc. of sulfadiazine. 

The distribution ratios of the three dmgs between the red cells and plasma 
were very variable (table 3). The concentrations of all three drugs were lower 
in the water of the cells than in that of the plasma. The cell: plasma ratios of 
the acetyl derivatives of the drugs were consistently lower than tlie ratios for the 
free drugs (table 3). 
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Calculations from available data on absorption, excretion and blood le\els fol 
lowing single doses of these drugs ga\e average \alues for xn vivo binding of 52 
per cent of the plasma sulfadiazine compared nith 77 per cent for sulfamerazme 

TABLE 2 


Cotnparatue concentrations of dtalyzahlt {unbound) drugs in plasma calculated for blood 
concentrations of drug of 10 and 20 mg per cent* 


COUFCL'ND 

D»UC vmOLE 

BLOOD 


COVCXVTIATIOV or DUtVZABtE D*VC 

IK ruvsuA H-O 


Vtg /lOO K 

wf /!00 fc 

mg IlOO a 

J/ X 

Sulfadiazine 

10 

14 

C 16 

2 46 

Sulfamerazme 

10 

14 

2 24 

0 85 

Sulfamethazine 

10 j 

14 

2 24 

0 SI 

Sulfadiazine 

20 

28 

14 0 

5 60 

Sulfamerazme 

20 1 

28 

S 12 

3 07 

Sulfamethazine 

! 20 

28 

S 12 

2 91 


• Calculated from date of table 1, using factor of 1 4 for estimating plasma levels from 
whole blood levels The concentration of dialjzable drug in the plasma water at plasma 
levels of 14 mg per cent was taken as 44 percent of the total plasma concentration for sulfa 
diazinc and 16 per cent for sulfamerazme and sulfamethazine, at pKama levels of 2S mg 
per cent the values taken w ere 50 per cent for sulfadiazine and 29 per cent for sulfamerazme 
and sulfamethazine 


TABLE 3 


In titro cell plosmo ratios of S sulfamlamxdopyrtmidtne compounds tn normal human blood* 


SUBJECT 

COVrOCNDS 

SuHad az ne I 

Cell plasma | 

rat 0 X 100 

lutfimeraz ne I 

Cell plasma | 

rat 0 X 100 

SuUareethaz dc 
' Cell plasma 

rat 0 X loO 

A T 

50 

20 

26 

B B 

52 

93 

70 

A G 

70 

32 

33 

G R— 1 

89 

106 

107 


Acetylsulfad az ne 

Acetylsulfameraz ne 

AcetyUuIfamcthaz ne 

A G 

38 

2 

7 

G R— 2 


5 

15 

M V 

27 

18 

0 


* The whole blood levels of drugs varied from 8 to 12 mg per cent, the w hole blood levels 
of the acetyl derivatives from 6 to 10 mg per cent 


and 73 per cent for sulfamethazine (table 4) Tliesc "values correspond within 
reasonable expectation with those found in the mtilro dialysis studies (table 1) 
Discussion The extent of binding of sulfadiazine m the plasma m these 
experiments accords well with the results of Dav is (3, 4, II) from similar dialysis 
experiments, and of Hcmemann (5) from ultrafiltration studies Davis (3, 4) 
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has also previously obsen^ed for other sulfonamide compounds that the extent 
of binding increases significantly as the concentration of drug in the plasma 
decreases. Sulfamerazine and sulfamethazine are bound to a somewhat greater 
extent (table 1) than is sulfathiazole (3, 5), this latter compound being the most 
highly bound (75 per cent (3)) of any of the other sulfonamide drugs for which 
binding has been reported. From the results of electrophoresis studies of protein 
fractions of human serum, it has been concluded that the sulfonamide drugs are 
bound chiefly to plasma albumin (4). 

TABLE 4 


Calculated 'percentages of hound sulfonamides in plasma in vivo 
(Calculated from data on absorption, excretion, and blood levels in man after single oral 

doses of the drugs) 


DRUG 

REFERFNCF 
TO DATA 

NO OF 
SUBJECTS 
AV TRACED 

A 

AMT. OP drug 
IN BODY 

8-12 HRS 
AFTER DOSE 

B 

COV OF DRUG 
IN BODY 
WATER IF 
DISTRIBUTED 
EQUALLY 

D 

CON OF DRUG 
IN PLASMA 
8-12 HRS 
AFTER DOSE 

E 

CALCULATED 

% bound 

IN PUSMA 




grams 

mg /lOO CC 

mg /lOO CC 


Sulfadiazine 

(1) 

3 

2.8 

5.3 

10.0 

50 

Sulfadiazine. 

(6) 

9 

1.7 

3.2 

6.0 

50 

Sulfadiazine. 

(2) 

14 

1.7 

3.2 

5.5 

46 

Av. 4- 3 

52* 

Sulfamerazine . 

(1) 

3 

3.3 

6.3 

24.5 

1 76 

Sulfamerazine 

(2) 

14 

2.2 

4.1 

13.3 

' 71 

Sulfamerazine. 

(7) 

8 

1.8 

3.4 

10.5 

70 

Sulfamerazine . 

(7) 

2t 

2.8 

5.2 

20.9 

77 

Av. + 3 

77 

Sulfamethazine... 

(2) 

14 

1.8 

3.4 

10.5 

70 

Value -f 3 . 

73 


* The value of 3 is added to the averages in accord with the considerations discussed in 
section on Methods. 

t Intravenous sodium sulfamerizine was injected in these 2 subjects. The plasma value 
J hour after injection was used; c\tretion in ^ hour was considered negligible. 

From data available earlier for sulfanilamide, sulfapyridine, sulfadiazine and 
sulfathiazole, it was suggested (11) that the percentage of binding at pH 7.4 of 
the sulfonamides appeared to vary directly with the percentage of acid ionization 
at this pH. Analysis of the larger amount of data now available for binding 
and for the acid dissociation (12) of sulfonamide drugs, however, shows no such 
correlation (table 5). It is to be noted particularly that although sulfanilamide 
is essentially unionized and sulfacetimide is practically completely ionized at pH 
7.4, both drugs are bound to approximately the same extent, 20 per cent (table 5). 

The large variability in the cell: plasma ratios of sulfadiazine, sulfamerazine 
and sulfamethazine found in the m vitro studies reported here accord with the 
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variability found by others for blood d^a^vn from patients receiving these drugs 
(1, 6, 7) and in previous in vitro studies of sulfadiazine (5). This variability is 
so great as to raise the question of whether all the necessary factors are controlled 
in the course of studying the drawn blood. Since these drugs were often (table 
3) found in the cells in a concentration higher than the concentration of the 
unbound drug in the plasma, the data do not support the suggestion of others 
that the relative amounts of sulfonamide drugs in the cells is determined by the 
dialyzable fraction of the drug in the plasma (5). The cell: plasma ratios of the 
acetyl derivatives of these drugs are generally lownr than for the parent drugs 
and appear to vary less widely in different blood samples’ (table 3). Low^er 
cell: plasma ratios for acetylsulfapyridine than for sulfa pyridine have also been 

TABLE 6 


Lack of correlation between the extent of binding of sulfonamide drugs in plasma at pH 74» 
anrf the percentage of ionization at this pH 



pKa* 

nsT Aat> 

IONIZATION AT pH 7 4 

APPtox rzscENr 
SOUND AT pH 7 4t 

Sulfaguanidine 


0.0 

25 

Sulfanilamide 

10.43 

0 1 

20 

Sulfapyridine 

8.43 

8 7 

40 

Sulfamethazine 

7 37 

52. 0 

84 

Sulfathi azole 

7.12 

65 5 

75 

Sulfamerazine 

7 06 

68.5 

84 

Sulfadiazine . 

6 48 

80 3 

56 

Sulfapyrazine 

6.04 

96 0 

i SO 

Sulfacetimide 

5.38 

99 0 

20 


* pKa values from Bell and Roblm (12). 

t For concentrations of 7 gm per cent plasma protein and 10 rag per cent plasma sul- 
fonamide 

The values for percentage of drugs bound are from the data of this paper (table 1), Davia 
(3), and calculated from data of Davis and Wood (11). 

reported (13). This problem of the cell : plasma ratios of sulfonamide compounds 
requires further clarification. 

The close correspondence between the values for the percentage of binding of 
these drugs in the plasma as found by the in vitro dialysis experiments and as 
estimated in vivo from pharmacological data appears to attest to the vahdity 
of the latter estimations. This correspondence also suggests that no appreciable 
amounts of these sulfonamides are bound in the tissues, i e that the concentration 
of the drug in the tissues is the same as the concentration of the dialyzable portion 
of the drug in the plasma. The calculations are obviously too gross to give infor- 

* When the data for acetylsulfatnerazine and acetylaulfamethazinc (table 3) are recal- 
culated after correcting the hematoent/or plasma trapped m the cell mass (20), the results 
indicate that neither of these compounds enters the red cells However, preliminary data 
on the ratios of the concentrations of these compounds in the red cells and isotonic, buffered 
saline solutions of pH 7 4 have shown the unbound compounds present in the cells in ap- 
proximately the same concentrations as in the saline solutions 
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mation concerning the distribution of the drug between plasma and any small 
selected portiOrf of the body, such as the brain or cerebrospinal fluid. Similar 
calculations'from available data for sulfanilamide, sulfathiazole and sulfapyridine 
also show a good correpondence between the estimated binding in vivo and the 
results of others (3, 5) for in vitro binding. 

It has been pointed out previously (4) that the distributions of sulfanilamide, 
sulfapyridine, sulfathiazole, and sulfadiazine between blood and cerebrospinal 
fluid are very similar to the calculated distributions for these drugs between blood 
and its dialysate.^ Similarly, the data of Murphy et al. (7) for the distribution 
of sulfamerazine between plasma and cerebrospinal fluid after oral administration 
of this drug are very similar to the in vitro distribution findings between plasma 
and its dialysate (table 1). Pleural and ascitic fluid : plasma ratios for sulfa- 
merazine (7) also accord with those expected for dialysates containing appreciable 
amounts of protein. Rose et al. (16) found a higher average ratio for cerebro- 
spinal fluid: blood concentration of sulfamethazine than the calculated (from 
data of table 1) dialysate; blood ratio, and also found the average sulfamethazine 
concentration of 3 pleural fluid specimens to be about 10 per cent higher than 
that of the compared blood specimens. 

As shown in table 3, blood levels of approximately 20 mgm. per 100 cc. for 
sulfamerazine and sulfamethazine provide approximately the same concentration 
of dialyzable drug as a blood level of only one-half this amount of sulfadiazine. 
With sulfonamide drugs which are bound in the plasma to difierent degrees, 
comparisons of absorption rates after oral administration on the basis of relative 
rates of increase of blood or plasma sulfonamide levels must be made with caution. 
For a given amount of drug in the body the plasma levels will be higher for the 
drugs which are bound to the greater extents. Thus when approximately the 
same amounts of sulfadiazine, sulfamethazine or sulfamerazine have been ab- 
sorbed into the body, one would expect the blood or plasma levels of the latter 
two drugs to be approximately two to three times as great as that of sulfadiazine. 
Although other investigators (2) have concluded from the more rapid rate of 
increase of the blood levels after single oral doses of sulfamerazine and sulfa- 
methazine that these drugs are more rapidly absorbed than is sulfadiazine, when 
the data are calculated on the basis of the amount of unbound, diffusible drug 
present throughout the body water at a given blood level for each drug it is con- 
cluded that the rates of absorption of these three drugs are actually very similar. 

It is of therapeutic interest that Davis and Wood (11) have reported from 
in vitro expenments with other sulfonamides that the bound sulfonamide in the 
plasma is probably bacteriostatically ineffective. The great variation in the 
degree of binding of the sulfonamides in the plasma again raises the question to the 
clinical investigator as to what is the optimum therapeutic blood level of a par- 
ticular sulfonamide. The tendency of investigators who are currently subjecting 
sulfamerazine and sulfamethazine to clinical trials is to give daily doses of these 

< It must be noted that cerebrospinal fluid is not a true dialysate of plasma (14, 15) and 
that these correspondences may be fortuitous and may not be applicable to all sulfonamide 
compounds. 
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drags (i. e., 3 to 4 gm. of sulfamerazine (7, 17), and 6 to 8 gm. or more of sulfa- 
methazine (16, 18, 19)) to maintain approximately the same free (i.e., not acet- 
ylated) blood levels of these sulfonamides as are maintained by 6 gm. daily of 
sulfadiazine. Inasmuch as the in vitro quantitative bacteriostatic activities of 
these three drags (unbound) appear to be similar (12) and the plasma and tissue 
concentrations of unbound drag are much lower for sulfamerazine and suKa- 
methazine than for sulfadiazine at any given plasma level of total drag (bound + 
unbound), the results of carefully controlled comparative clinical trials will be of 
theoretical as well as practical interest. From these considerations it appears not 
unlikely that the therapeutic effectiveness of a given blood or plasma level (bound 
+ unbound drag) of sulfamerazine or sulfamethazine would be only about one- 
third to one-half as great as the same level of sulfadiazine, and that on the average 
the clinical response obtained %vith a given blood level of these newer drags might 
not be as satisfactory as obtained with the same blood level of sulfadiazine. 

SUMMARY 

1. In viiro dialysis studies show sulfamerazine and sulfamethazine to be bound 
in the plasma to a much greater extent than is sulfadiazine. Similarly, their 
acetyl derivatives are more highly bound in the plasma than is acetylsulfadiazine. 

2. At a drag concentration of 10 mgm. per 100 cc. in plasma of pH 7.4 and 
containing 7.0 gm. per 100 cc. of protein, only 16 per cent of the plasma sulfa- 
merazine and sulfamethazine are freely diffusible as compared with 44 per cent 
for sulfadiazine. 

3. Estimations of the extent of binding in vivo, made from available data on 
absorption, excretion and blood levels in man after single doses of these three 
drags, afford evidence that the binding of the drags in the plasma in vivo is essen- 
tially the same as was found in the in vitro studies. 

4. It is calculated that a blood level of 20 mgm. per 100 cc. of sulfamerazine or 
of sulfamethazine provides a concentration of dialyzable drug in the plasma 
and tissues approximately the same as is provided by a blood level of only one-half 
this amount of sulfadiazine. 

5. The results of in vitro studies of red cell: plasma ratios of all these drags 
were very variable. The red cell: plasma ratios of the acetyl derivatives of the 
drugs were generally lower than those of the parent drags. 

6. The relative extent of binding of these drugs in the plasma is discussed with 
respect to the interpretation of absorption rates from the rate of increase of the 
blood concentration of the drugs and with respect to its possible bearing on the 
relative therapeutic effectiveness of a given blood level of the different drags. 

BIBLIOGRAPHY 

1. Goodwin, R. A., Jr., Peterson, 0. L., and Finland, M., Absorption and excretion 

of BuUamcthyldiazine (2-8ulfanilamido-4-methylpyrimidine) in human subjects. 

Proc. Soc. Exp. Biol, and Med., 1942, 61: 262. 

2. Welch, A. D., Mattis, P. A., Latven, A R., Benson, W. M., and Siiiels, E. H., 

Sulfamerazine (2>sulfaQilamido-4-methylpyrimidinc). I. A comparison of sulfa- 



328 


D. ROURKE GILLIGAN 


merazine with sulfadiazine on the basis of absorption, excretion and toxicity. This 

Journal, 1943, 77:357. 

3. Davis, B. D., Binding of sulfonamides by plasma proteins. Science, 1942, 95; 7$. 

4. Da'vus, B. D., The binding of sulfonamide drugs by plasma protein. A factor deter- 

mining the distribution of drugs in the body. Jr. Clin. Invest,, 1943, 22, 753. 

5. Heinemann, M., Distribution of sulfonamide compounds between cells and serum 

of human blood. Jr. Clin. Invest., 1943, 22: 29. 

6. Reinhold, J. G., Flippin, H. F., Schwartz, L., and Domm, A. H,, The absorption, 

distribution, and excretion of 2-sulfaniIaraido pyrimidine (sulfapyrimidine, sulfa- 
diazine) in man. Am. Jr. Med. Sci., 1941, 201: 106. 

7. Murphy, F. D., Clark, J, K., and Flippin,H. F., Studies on 2-sulf anilamido-4-methyl- 

pyrimidine (sulfamerazine, sulfamethyldiazine) in man. I, Absorption, distribution 
and excretion. Am. Jr. Med. Sci., 1943, 206: 717. 

8. Kingsley, G. R., The determination of serum total protein, albumin and globulin 

by the Biuret reaction. Jr. Biol. Chem., 1939, 131: 197. 

9. Brattin, a. C., and Marshall, E. K., Jr., A new coupling component for sulfanila- 

mide determination. Jr. Biol. Chem., 1939, 128: 537. 

10. Eisenman, a. j., Mackenzie, L. B., and Peters, J. P., Protein and water of serum 

and cells of human blood, with a note on the measurement of red blood cell volume. 
Jr. Biol. Chem., 1936, 116: 33. 

11. Davis, B. D., and Wood, W. B., Jr., Studies on antibacterial action of sulfonamide 

drugs. III. Correlation of drug activity with binding to plasma proteins. Proc. 
Soc. Exp. Biol, and Med., 1942, 61; 283. 

12. Bell, P. H., and Roblin, R. 0., Jr., Studies in chemotherapy. VII. A theory of the 

relation of structure to activity of sulfanilamide type compounds. Jr. Am. Chem. 
Soc., 1942, 64: 2905. 

13. Hansen, L., Distribution of free and conjugated sulfanilamide and sulfapyridine be- 

tween corpuscles and plasma in both human and rabbit blood. Jr. Lab. and Clin. 
Med., 1940, 26: 669. 

14. Gilligan, D. R., Volk, M. C., and Blusigart, H. L., Observations on the chemical 

and physical relation between blood serum and body fluids. II. The chemical 
relation between serum and edema fluids as compared with that between serum and 
cerebrospinal fluid. New Eng. Jr. Med., 1934, 210: 896. 

15. Flexner, L. B., Chemistry and nature of the cerebrospinal fluid. Physiol. Rev., 

1934,14:161. 

16. Rose, F. L., Martin, A. R., and Bevan, H. G. L,, Sulphamethazine (2-4'-aminoben- 

zenesuIphonylamino-4: 6-dime thylpyrimidine) a new heterocyclic derivative of 
sulphanilamide. Jr. Pharm. and Exp. Therap., 1943, 77: 127. 

17. Clark, J. K.,Flippin,H. F,, and Murphy, F. D., Studies on 2-suIfamIamido -4-methyl- 

pyrimidine (sulfamerazine, sulfamethyldiazine) in man. II. Toxic manifestations. 
Am. J. Med. Sci., 1943, 206; 846. 

18. Macartney, D. W., Smith, G. S., Luxton, R. W., Ramsay, W. A., and Goldman, J., 

Sulphamethazine: clinical trial of a new sulphonamide. Lancet, 1942, 1: 639. 

19. McDersiott, Walsh, Guligah, D. K., Wheeler, C., and Plummer, N., Clinical 

studies of sulfamethazine. To be published. 

20. Chapin, M. A., and Ross, J. F., The determination of the true cell volume by dye 

dilution, by protein dilution, and with radioactive iron. The error of the centrifuge 
hematocrit. Am. J. Physiol., 1942, 137: 447. 



COMPARISON OF THE PRESSOR ACTION OF SOME OPTICAL 
ISOMERS or SYMPATHOMIMETIC AMINES 


E E SWANSON, C C SCOTT, H M LEE, AND K K CHEN 
From the Lilly Research Lahoratones, Eli Lilly and Company, Indianapolis 
Received for publication August 13, 1943 

It IS a w ell known fact that the optical rotation of organic compounds has a 
significant influence upon their pharmacologic action Several excellent exam 
pics ha\ e been giv en by Cushny in his Dohme lectures (1) In manj instances, 
the Iqvo and the dextrorotatory isomers possess qualitatively the same type of 
action, but the I isomer is considerably more powerful than the d form Cushny 
(2) himself demonstrated that I epmephnne was 12-15 times as strong as the 
d isomer on the sympathetic endings of the vessels Of the optical isomers of 
“phcdrme, Chen, Wu, and Hennksen (3) found that I ephednne nas about 3 
^imes as active as d ephednne, and d ^ ephedrme 7 times as active as f ^ cphed 
I me, in raising blood pressure of pithed cats Tainter and Stockton (4) showed 
<^hat ‘Neo sjmephnne’ (i a Hjdroxy jS mcthylamino-3 h>droxy ethylbenzene, 
Stearns) had a greater pressor action than its d isomer m atropmized cats Schau 
mann (5) reported that the ratio of pressor actuity of I and d 3,4 dioxy nor-’ 
ephedrinos was 160 1 Similarly, Alles and Ixnoefel (0) found that m rabbits 
I fihy droxypheno methylanune was 5-10 times more active as a pressor agent 
than the d isomer The response of the isolated rabbit’s uterus and small in 
testine to 3,4 dioxy nor ephednne and ephednne is similar to the changes in 
blood pressure (6, 7) — the I isomer being more powerful m each instance Alles 
(8) claimed that the I ,dl , and d forms of benzedrine (Amphetanune, S K F ) 
induced pressor effects of equal intensity in anesthetized dogs and rabbits by 
intraa enous mjection, and in man by mouth The lack of differences among the 
3 isomers would constitute a unique exception to the group of closely related 
products enumerated abo\e 

Of particular interest is the reversed order of activity of the optical isomers of 
benzedrme upon the central nervous system That d benzednne had a greater 
stimulatmg action than the I isomer was first observed by Alles (8), and sub- 
stantiated by Pnnzraetal and Alles (9), Schulte, Reif, Bacher, Lawrence, and 
Tamter (10), and Novelh and Tainter (11) Morrison and Abreu (12) observed 
that d benzednne mcreased the ox>gen uptake of dogs’ brains depressed by 
morphine more than its i-enantiomorphic isomer ICnoefel (13) concluded that 
the d isomer of either benzedrme or desoxyephedrme w as more active than the 
I isomer m mcreasmg the work output as measured by a bicycle ergometer 

With a total of 18 optical isomers of sympathomimetic amines available in this 
laboratory, an excellent opportunity was afforded to compare their pharmaco 
logic action with relation to their optical rotation Ten diastereoisomenc salts 
of 4 aromatic amines w ere generously supplied by Professor Walter H Hartung, 
School of Pharmacj , University of Maryland, Baltimore — I and d propadnne 
329 
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J-mandektes, 2- and d-v^-propadrine J-mandelates, 2- and d-benzedrine J-mandel- 
ates, ^-benzedrine d-mandelate, I- and d-isobenzedrine [I] i-mandelates, and 
d-isobenzedrine d-mandelate. Dr. E. H. Volwiler of Abbott Laboratories, 
North Chicago, favored us with I-, dU, and d-desoxyephedrine [II] hydrochlo- 
rides; and Dr. William E. Kirsch of Smith, Kline and French Laboratories, with 
Z-, dU, and d-benzedrine sulfates. 


TABLE 1 


Comparison of pressor action of stereoisomers of epinephrine as hitartrate 


CATNmiBEtt 

SEX 

WEIGHT 

©OSES PEODVaKC EQUAL PKESSOE 
EESPOSSES 

SAno 07 
ACTtVITT 

t/d 

/•ISOMEE 

rf-ISOVEK 



is. 

US. (Mai) 

fiS. (folal) 


1 

F 

2.415 

16.67 

400 

24.0 

2 

F 

2.965 

16.67 

250 

15.0 

3 

F 

2.340 

16.67 

300 

18.0 

4 

F 

2.200 

16.67 

300 

18,0 

5 

y ■ 

2.370 

16.67 

300 

18.0 

6 

F 

2.620 

16.67 

350 

21.0 

7 

M 

2.600 

16.67 

300 

18.0 

8 

F 

3.120 

16.67 

300 

18.0 

9 

F 

2.100 

22.22 

550 

24.8 

10 

F 

2.485 

27.50 

450 

16.4 

11 

M 

2.180 

20.00 

400 

20.0 

12 

M 

3.360 

25.00 

400 

16.0 

13 

F 

2.430 

20.00 

400 

20.0 

14 

F 

2.455 

16.00 

300 

18.8 

15 


2.300 

10.00 

200 

20.0 

16 


2.995 

10.00 

200 

20.0 

17 


2.935 

12.00 

160 

13.3 

18 

F 

3.660 

4.80 

80 

16.7 


Geometric mean ± S. E., 18.46 ± 0.66. 


CeHs . CH. CH 2 .NH 2 CeHs . CH • CH-NHCH, 

cHs Ah, 

[I] [II] 

The J- and d- isomers of epinephrine in form of bitartrates were purchased in 
Germany prior to the start of World War II. 

Method, Evaluation of the pressor action of epinephrine was accomplished in 
pithed cats according to Elliott's procedure (14). Since there is no loss of response by 
repeated intravenous injections, the U and d-isomers were matched in the same animals 
until equivalent doses reproduced an identical rise of blood pressure. 

In the midst of our work, the cat method of digitalis assay in U.S.P.XII became official. 
Thus, there was a sudden shortage of cats. A few preliminary experiments indicated that 
the dog would be equally satisfactory after decerebration and pithing. The remaining 16 
compounds were therefore tested out in the dog. As in the case of ephedrine (15), no two 
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enantiomorphic substances could be compared in the same animal because whiche\er was 
injected first depreciated the value of the other As an alternative, each isomer was 
compared against variant doses of epinephrine for the equivalent intensity of pressor 
action The ratio could then be calculated from the equivalent doses of epinephrine A 
minimum of 3 to 9 dogs w as employed for each product 

Results The data obtained in 18 cats with f and d epinephrine bitartrates 
are summarized in table 1 As indicated m the last column, the mean (geo 


table 2 

Companson of pressor action of optical isomers of aromatic amines related to ephedrtne 


orricAL isouE« ot auine j 

: KL^BEI 

or DOCS 
rsxD 

BA^GC or j 

DOSES 

STVDllD 

CEOVETK1CAL VEAW OT 
EFINEnillMC EQUt\A 

lent to 1 UG or 
amine in HAISINC 

BLOOD PSESSOIE 

lATXO or ACTIVITY dr 
STAffDAKD ZttOK 

1 Deaoxyephedrine hydrochlo 
ride 

4 

mr ttolaf) 

5-20 

ftt 

1 SO 

1 0 

dl DcBOxjephcdnne hydrochlo 
ride 

9 

5-15 

1 44 

0 799 ± 0 146 

d Desoxyephednne hydrochlo 
ride 

5 

10-48 

1 27 

0 707 ± 0 128 

1 Benzedrine sulfate 

3 

3-4 

5 31 

1 0 

dl Benzedrine sulfate 

S 

4-0 

4 48 

0 842 4; 0 118 

d Benzedrine sulfate 

s 

2 S 

3 78 

0 712 ± 0 08 

1 Benzedrine I mandclate 

4 

6-7 5 

3 54 

0 969 ± 0 OS 

1 Benzedrine d mandelate 

3 

6-7 5 

2 40 

0 656 ± 0 063 

d Benzedrine 1 mandelate 

5 

4-10 

3 66 

1 0 

{ Tsobenzedrine 1 mandefate 

5 

5-ro 

2 OS 

I 0 

d laobenzednne 1 mandelate 

5 

5-10 

1 77 

0 850 db 0 175 

d isobenzednne d mandelate 

5 

10-14 

1 41 

0 677 ± 0 128 

t Propadnne 1 mandelate 

5 

6-7 5 

3 06 

1 0 

d Propadnne 1 mandelate 

5 

1 5-15 

2 OS 

0 678 dl 0 103 

f ^ Propadnne 1 mandclate 

6 

i 10-20 

0 57 

1 0 

d 1 ^ Propadnne 1 mandelate 


10-20 

0 50 

0 869 d: 0 183 


raetnc) ratio of pressor activity between I and d isomers is about 18 5 1 
This figure approximates the range of 15-20 as reported by Abderhalden (16), 
Tiffeneau (17), Tainter (18), and Nathanson (19), but is at vanance with the 
conclusions of Tromherz (20) 

The results wath the other compounds arc gi\ on m table 2 Without excep 
tion, the I isomer is more powerful in raising blood pressure of pithed dogs than 
the d isomer Thus, d desoxyephednne and d benzedrine sulfate ha\e approxi 
matelj 71% of the activitj of their I forms Their racemic mixtures, as expected. 
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give rise to values lying between those of the I- and d-isomers. Among the 
diastereoisomers, namely, the optically active salts of the optically active amines, 
the Z-mandelates of Zdsobenzedrine, Z-propadrine, and Z-^-propadrine are all 
more actwe than the Z-mandelates of their cZ-isomers. Examples of experiments 
with propadrine are illustrated in figure 1 . 

^ The most remarkable feature of the diastereoisomeric salts is the relatively 
higher activity of the Z-mandelates. Thus, Z-benzedrine Z-mandelate is about 



Fig. 1. Comparison op Pressor Action in Pithed Doos 
A, B, C, and D designate results from 4 different dogs All the numbers on the left-hand 
side of each tracing indicate the doses of epinephrine m ;<g. All injections were made in- 
travenously. 

^ stronger than i-benzedrine d-mandelate. Examples are given in figure 1. 
Similarly, d-isobenzedrine 1-mandelate is more potent than d- isobenzedrine d~ 
mandelate. The relatively high activity of d- benzedrine f-mandelate, compa- 
rable to that of f-benzedrine bmandelate, is also suggestive of the favorable 
influence of f-mandelic acid in the molecule. In this connection, it is appropriate 
to mention Cushny's work on tropeines (21). f-Homatropine, or f-mandehc 
acid ester of tropine, is approximately twice as active as d-homatropine which is 
d-mandelic acid ester of tropine. Equally interesting is the recent publication 
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of Auhagen (22), m which he showed that while p aminobenzoyl I glutamic acid 
IS 8-10 times stronger than an cquiraolecular quantity of p aminobenzoic acid 
in antagonizing sulfanilamide against Sire^lohacienura plantarum, the p araino- 
benzoic acid derivative of d glutamic acid is inactii e 

SUMMARY 

1 The pressor acti\ ity of d- and I epinephrine bitartratcs has been compared 
m pithed cats The ratio of the d~ to the I isomer is approximate! j 1 18 5 

2 The pressor actii itj of optical isomers of desoxj ephedrine HCl, benzedrine 
sulfate, isobenzednne I mandelate, propadrme I mandelate, and ^ propadnne l- 
mandelate has been ev aluated in pitlied dog« In every instance the I isomer is 
more active than the d isomer The racemic mixtures of desoxyephednne HCl 
and benzednne sulfate are mtermediate m action between their I and d isomers 

3 Of the diastereoisomeric salts, namely, the optically active mandelates of 
the optically active aminos, the I mandelate has a relatively higher pressor ac 
tuitj as compared with the d mandelate Thus, I benzedrine /-mandelate is 
more powerful than / benzedrine d mandelate, and d isobenzedrme I mandelate, 
more powerful than d isobenzedrme d mandelate 

Achiowledgment The authors are mdebted to Mr John. C Hanson for his 
assistance m compiling and analyzing the results of this mi estigation 
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N-Methylcytisine has been kno^vn for years to occur in a number of plants. 
The chemical properties of the compound have been repeatedly studied. It 
was first prepared chemically by Partheil (1). In 1913, Power and Salway (2) 
showed that the alkaloid of CuxilophylluTu ihalictToides was methyl cytisine. The 
substance had been previously extracted from the same species by Lloyd (3) 
in 1893 and named caulophylline, but its true chemical identity was not de- 
termined at that time. Several members of Papilionaceae have since been found 
to contain methylcytisine (4). Investigation of the pharmacological action of 
this alkaloid has been casual, however. Power and Salway mentioned that 
Laidlaw had tested their preparation and had demonstrated an action similar 
to cytisine, but one-tenth as active. Further work is limited to a toxicity 
determination in mice (5). Consequently, additional study of methylcytisine 
appeared desirable. The compound was generously supplied to us by Br. 
Richard H. F. Manske, Division of Chemistry, National Research Council, 
Ottawa, Canada, who isolated it from Thermopsis rhomhifolia (6). 

Methylcytisine is a colorless substance occurring in prismatic crystals. It is 
readily soluble in water, alcohol, chloroform, or benzene. The melting point is 
138®C. According to Spath and Galinovsky (4), it has the following structural 
formula: 


CPIs 


-CH- 


CH 

-C^ '^CH 


NCHa CHj N CH 
\/ 
c=o 


CHj- 


CH CHs 


Experimental. Action on frog heart ganglia. The intact frog's heart was 
perfused according to the method of Howell and Cooke (7) using a Greene 
cannula. The threshold current necessary to produce complete cardiac in- 
hibition by stimulation of the right vagosympathetic nerve was determined. 
Then methylcytisine solution was applied directly to the heart by a medicine 
dropper. The drug itself caused cardiac standstill within 30 seconds, but 
normal rhythm and contractility were reestablished 5 minutes later. Using 
the threshold current the vagus was again stimulated but inhibition did not 
occur. However, stimulation of the white crescent (sinus region) resulted in 
typical inhibition. This procedure was repeated with nicotine. Both sub- 
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stances produced similar actions Nicotine was roughly 25 times as potent as 
racthylc> tisine, how e\ er, and its action w as more rapid 
Circulatory action in dogs Under ether anesthesia, femoral blood pressure 
was recorded mth a mercury manometer The nght \agus nerve was isolated 
for stimulation b> an mductorium After deterraming the mmimal current 
necessary to produce temporary cardiac arrest, methj Icy tisme was injected 
mtra\enous!y When the blood pressure had returned to the original le\el, 
the \agus nerve was again stimulated If card lo inhibition did not result, 
pilocarpine was gnen lnt^a^ enoiisly A similar test was made with nicotme 
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Fig 1 The Actiov of Methylcttisive on thf Circul.\tion of Etherized Doos 
Blood pressure and respiration were recorded in the usual manner The doses were 

intravenous injection 
bj failure of vagus in 


A record of tlie action of methj Icj tisine ls shown in figure 1 The results with 
the 2 drugs were the same Both produced a temporary nse of blood pressure 
followed bj lo'5s of inhibitorj effect of \agus stimulation That the post gang- 
lionic nerve endings were not paraljzed was demonstrated bj the cardio in- 
hibitory effect of pilocarpine In dogs, methj Icj tisinc appeared to be about one 
tenth as active as nicotine 

Respiratory stimulation through the carotid sinus As demonstrated by Hej- 
mans et at (8), small doses of nicotine stimulate respiration reflevlj through the 
carotid sinus A similar action was shown for cytismc by Anitschkow (9) 
Meth>lcj tisine was tested for this action in dogs under ether anesthesia Both 
carotid sinus nerves were isolated according to the technic of Schmidt (10) 
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Methylcytisme was then given intravenously. It produced respiratory stimu- 
lation. After both sinus nerves were cut, the same dose of the drug was repeated. 
On\y a slight increase of respiration occurred, probably from stimulation of the 
respiratory center. There was a rise of blood pressure equal to that from the 
first dose, however. Nicotine gave parallel results with this same procedure. A 
record of the action of methylcytisine is seen in figure 2. Here again, nicotine 
was about 10 times as active as methylcytisme, 

^ Effect on 'isolated rabhiVs small intestine. An attempt was made to prove the 
nicotine-like action of methylcytisine on the intnnsic ganglia of the rabbit^s 
small intestine. The following procedure was employed. A record of contrac- 

BOTH CAR' ! If 
SINOS NIPVLS 










' ‘5 N 

■ 


Fig. 2. The Respiratoey Stimulating Action of Methylcytisine 
Under ether anesthesia the dog^s carotid sinus nerves were isolated. A 50-ing. dose of 
methylcytisine was injected intravenously before and again after cutting both sinus nerves. 
The respiratory and blood pressure responses to the drug were decreased as the result of 
sinus denervation. 

tions of the isolated small intestine of a rabbit ivas obtained by suspension of a 
segment in an aerated bath of Ringer-Lockers solution at a constant tempera- 
ture of 38®C. Repeated doses of methylcytisine were given until response to 
the drug failed to occur. Then, successively, pilocarpine, epinephrine, and 
barium chloride were added to the bath without changing the solution. The 
whole was finally washed out and replaced by a fresh supply of Ringer-Lockers 
solution. The demonstration of typical pilocarpine, epinephrine, and barium 
actions when methylcytisine no longer stimulated was evidence that the nerve 
endings and muscle cells were functioning. The ganglion cells, however, ap- 
peared to be paralyzed. For comparison, nicotine was also tested by this pro- 
ccdure with identical findings. Graphic results are shown in figure 3. The 
activity of methylcytisine was about one-tenth os great as that of nicotine. 
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Hyperglycemic aciton in rahhits It is knoun that nicotine cau'ses an ele\ ation 
of tlie blood sugar (11), the rise being caused, in part at least, bj stimulation of 
epinephrine secretion Tests were run on unanesthetized albino rabbits the 
marginal ear \ ein being used for taking blood samples and making injections 



Fig 3 Action oi Methylcytisine on Contractions of the Isolated Kabbit s 
Small Intestine 

A strip of the upper jejunum m aerated Ringer Locke a solution it 3S*C was used 
‘ the 100 cc bath without changing the solution 
After barium the bath w as drained and filled 



Fio 4 Hyperglycemia in Rabbits followinc Administration of AlFTiiYLCYTrsiNE 
Injections of the drug w ere made at zero time show n bj the arrow The doses of methjl 
cjtisinc were 10 10 20 and 40 mg per kg for animals A B C and D rcspectivelj 

Blood sugar determinations b> the Miller Van Sl^ke method (12) Mere made at 
legular internals for 2^ hour? following injection of the drugs The doses for 
methjlc>tLsine were 10,20 and 40 mg per kg while onl} 1 mg per kg of nico 
tine was required This dose of nicotine, incidentalU , pro^ cd to be cona iib-n c 
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in the 2 animals tested. No convulsions occurred with methylcytisine, although 
the 40-mg. dose produced tremors. The effects on blood sugar are graphically 
shown in figure 4. Doses of 10 mg. per kg. of methylcjdisine had little or no 
hyperglycemic action. Nicotine in a dose of 1 mg. per kg. appeared to be about 
equal to 20 mg. per kg. of meth^^'lcytisine. 

Toxicity, The median lethal dose zk standard error was determined by in- 
jection into the tail vein of albino mice, weighing from 14 to 18 gm. Computa- 
tions "v^ere made according to the method of Bliss (13). The results are seen in 
table 1 along with those of nicotine determined for comparative purposes. 
Nicotine proved to be nearly 40 times as toxic as methylcytisine in mice. Fur- 
ther, the reactions of the animals to these 2 compounds preceding death were not 
identical. Nicotine killed almost immediately or not at all, death being pre- 


TABLE 1 


The acute toxicity of N -methylcytisine and nicotine hy intravenous injection into albino mice 


ALKAUim 

DOSE 

KUMBER DIED 

MJlfBER USED 

IDJO ± S E. 


mg, per kg 


mg, per kg. 

N-^Ieth34 cytisine 

10.0 

0/6 

21.98 ±0.90 


14.0 

0/5 



20.0 

4/10 



22.5 

9/20 



25.0 

22/26 



i 27.5 

7/10 



30.0 

18/20 



40.0 

5/5 


Nicotine 

0.250 

0/5 

0.579 ±0.037 


0.350 

0/5 



0.365 

2/10 



0.400 

2/10 



0.500 

8/20 



0.700 

11/20 



1.000 

15/15 



ceded by severe tonic convulsions. Methylcytisine produced less severe con- 
vulsions, at first clonic and then tonic in nature. Death occurred from a few 
minutes to a few hours after the injection. The lethal dose of methylcytisine 
in white mice as determined by Kalaschnikow and Kusnetzow (5) was 62.5 mg. 
per kg. of body weight when given subcutaneousl 3 ^ This is nearly 3 times our 
value for the intravenous lethal dose. 

Discussion. The above results show clearly that meth 3 dc 3 tisine exerts a 
pharmacological action on the nervous system closely resembling that of nico- 
tine In the case of the paras 3 mpathetic ganglia, this consists of primary stimu- 
lation followed by paralysis. Nicotine, in addition, is knomi to act on the 
Siunpathetic ganglia. In this respect, methylcytisine by intravenous injection 
into dogs produces a rise of blood pressure similar to that resulting from sym- 
pathetic stimulation by nicotine. 

Furthermore, methylcj^isine apparently causes stimulation of the central 
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nervous system and then paralysis as sho^vn by convulsions followed by pros- 
tration, cessation of respiration, and death The compound is less acti\e, 
howe\er, than nicotme, because the convulsions are much less severe and the 
action occurs more slowly The respiratory stimulation through the chemore- 
ceptors of the carotid smus is an additional point of similarity with nicotine 
No tests were made with methylcytisine for the curare-like action of nicotine 

Methjlcytisme is apparently weaker than cytisme Dale and Laidlaw (14) 
compared the action of cytisme to that of nicotine and found it to be approx 
imately as potent in cats, dogs, and rabbits Since nicotme appears to be 10 
to 40 times as strong as methylcytisme, the addition of the meth>l group to 
cytisme obviously decreases its activity 

Conclusions The pharmacological action of N methylcjt,isme resembles 
that of nicotme and differs from it only in degree, as shown below 

1 It stimulates and then paralyzes the ganglion cells of the cardiac \agus m 
frogs 

2 In dogs it produces a rise of blood pressure followed by paralysis of the 
ganglia of the cardiac vagus 

3 Respiration is reflexly stimulated through the chemoreceptors of the 
carotid smus 

4 On the isolated rabbit’s small mtestme, it first produces stimulation of 
raotiUtj' Subsequent doses fail to stimulate, but pilocarpme, epinephnne, and 
barium salts still cause their usual responses 

5 When given mtra'i enouslj to rabbits, it produces hyperglycemia 

6 It is 10 to 40 tunes less active than nicotme in the various ammals tested, 
its action occurs more slowly, and convulsions produced by it are less severe 
than those resulting from nicotme 

7 Methylcytisme appears to be one fortieth as toxic as nicotine 

The authors wish to express their thanks to Mr Harold M Worth for his 
technical assistance 
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In a recent communication (Robson, Schonberg and Tadros, 1942) a new 
oestrogen, derived from triphenyl ethylene, was described. This compound has 
the property of producing a comparatively prolonged oestrogenic action when 
administered orally (i.e. by stomach tube) to mice, particularly when given in 
doses several times the amount necessary to produce a threshold response. 

It appeared desirable to determine what happened to the compound following 
its administration, vnth special reference to any sites at which it might be stored. 
It is kno^vn that the natural oestrogens (oestradiol, oestrone) are rapidly inac- 
tivated in the body and this accounts for the relatively short duration of their 
action. Even when large doses are given only a small percentage can be re- 
covered from the body tissues and from the excretions. There is also good 
evidence that the liver plays an important part in the destruction of the natural 
oestrogens (Zondek, 1934; Israel et al., 1937; Heller, 1940). 

The fate of the synthetic oestrogen, stilboestrol, is somewhat different, in 
that an appreciable percentage of a dose given (about 20%) can be recovered 
from the urine; this oestrogen is, moreover, also rapidly eliminated from the 
body after absorption, though appreciable quantities are stored at the site of 
injection (Zondek and Sulman, 1939; Stroud, 1939). 

Methods. The experiments were performed on ovariectomized mice and on rabbits. 
They received doses of D.B.E. dissolved in oil of sesame by stomach tube. After various 
periods the animals were killed and the whole body or various organs extracted. In some 
experiments the urine and faeces were collected and also extracted. 

The following method was used for the extraction of the oestrogen. The animals or 
tissues were minced and then ground in a glass mortar. The resulting mass was extracted 
with 10 times its weight of acetone at room temperature for 24 hours. The fluid was then 
decanted and the process repeated with fresh acetone for another 24 hours. The fluid was 
again decanted and the residue was extracted under a reflux condenser with six times its 
weight of boiling benzene for 6 hours. The benzene was then filtered off and added to the 
acetone extracts, and the mixed fluids were evaporated on a water bath. A current of air 
playing on the surface helped in the evaporation. The residue was used either as such or 
dissolved in oil of sesame. 

The oestrogen content of the extracts was estimated by the intragastric administration of 
different amounts of the material to groups of ovariectomized mice. It has been found 
previously that doses of 10/igm of D.B.E., given orally in oil of sesame, produce an oestro- 
genic effect which falls to half in about seven days (when the vaginal effect is measured by 
the method of Robson, 1938), and the amount of material producing such an effect was as- 
sayed to contain 10/xgm. of D.B.E. 

The validity of the method of extraction and assay was tested as follows: Five ovance- 
tomized mice were minced and 5 mg. of D.B.E. added and thoroughly mixed in. The mix- 
ture was extracted by the method described above and the extract assayed. The recovery 
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w as approximately 100% A sinular experiment performed ivith the liver of mice instead of 
TPhoIe mice, gave the same result It ivas difficult to obtain a sufficient quantity of fat and 
muscle from mice to perform similar control experiments, but they vrere done on rabbit 
tissues fat and muscle from rabbit is ere mixed with definite quantities of D B E extracted 
and assayed Again the recovery Mas complete, within the limit of error It was also 
shown that when untreated ovanectomized mice were extracted, the administration of an 
amount of such an extract corresponding to one ninth of a mouse to each ovanectomized 
test mouse produced not the slightest oestrogenic effect In further control experiments 
extracts from fat and muscle removed from untreated ovanectomized mice were assajed 
In tw o experiments muscle extracts produced no response whatever, from which it could be 
concluded the muscle contained less than JOO^gm of the oestrogen per lOO gm of tissue In 
one experiment with a fat extract the response was completely negative, showing an oestro- 



Fia I SHOwi'iG THE Percentage of a Dose or D B E that Could DlKecoverfd from 
THE Whole Body of Mice at Various Stages after Its Administration 
F sch mouse received 2 mg D B K by stomach tube 

gen content of less than 300 /<gm per 100 gra of fat, m another such experiment a very slight 
response w as obtained with the fat extract this was equivalent to an oestrogen content of 
less than 250 ^gm per 100 gm of fat 

Results Ovanectomized mice received 2 mg of D B E in 0 2 c c oil by 
stomach tube and the whole body was evtracted after various intervals The 
percentage of the dose recov ered is showTi in figure 1 It will be seen that more 
than half of the oestrogen disappeared within the first twenty four hours, but 
that more than 20% could still be recovered on the third day and between 5 and 
10% one week after its admmistration 

In further expenments vanous organs and tissues were extracted to determine 
the site of storage 
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Figure 2 shows the amounts (expressed as mg./lOO g. of tissue) recovered 
from fat and muscle at various stages after the administration of 2 mg. of D.B.E. 
per mouse (by stomach tube). The figures for the whole body are also inserted, 
for comparison. It rvill be seen that the amounts stored in the body fat are 
larger than in the whole body or muscle; this is especially the case after the first 
few days follorving the administration of the substance; the amounts found in 
the muscle and the whole animal are then very small, while substantial amounts 
are still present in the fat even two weeks after the administration. 



Fig. 2 . SHomNG the Ajsiounts of D.B.E. (Expressed as mg. per 100 gm. of Tissue) 
Recovered from the Fat and Muscle (and for Comparison, the Whole 
Body) of Mice at Various Stages after Its Administration 
Each mouse received 2 mg. D.B.E. by stomach tube 

E\ddence was also obtained that the fat is the main storage place in the 
rabbit. One animal (weighing 1.85 kgm.) received 200 mg. D.B.E. by stomach 
tube and was killed 24 hours later. The fat contairied 6.5 mg./lOO gra. while 
the muscle contained less than 0.2 mg./lOO gm. In another rabbit (weighing 
2 kgm.) 400 mg. was given by stomach tube and the tissues were removed and 
extracted five days later. The fat and muscle contents were respectively 2.0 mg. 
and 0.2 mg./lOO gm. of tissue. 

In preliminary experiments it was found that very little of the oestrogen was 
stored in the liver, less than 0.5 mg. per 100 gm. being present 24 hours after 
the administration. In a more thorough test, five ovariectomized mice received 
2 mg. D.B.E. by stomach tube during five consecutive days and the animals 
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were killed 24 hours after the last dose The following amounts were found m 
vanous tissues 

Liver not more than 0 4 mg /lOO gm 

Muscle 2 0 mg/100 gm 

Fat 15 mg /lOO gm 

Uterus The amounts were so small that only a very rough test was possible 
This suggested that the uterus contamed about the same amount as m the 
muscle 1 e 2 mg /lOO gm 

Hence, e'ven with repeated admmistration, only small amounts were recovered 
from the liver This was also found to be true for the rabbit, 400 mg of D B E 
was given to a 2 0 kgm rabbit bj stomach tube, 24 hours later the liver was 
removed and extracted, it contained about 0 45 mg /lOO gra 

TABLE 1 


Skovnnf the percentage of the amount of D B E administered by stomach tube to groups of 
otartectomizcd mice uhich teas reeoiered from the excreta 


IXtlETA 

1 P£iiaD or coLmrio^r 

TEllC£Kt>LCi: OT OESTtOCEKS 
ADknNlSTElEO SECOVEIED 


1 Do-yi 

ptr cent 

Urine and faeces 

1-3 

10 


1-4 

10 


4-7 

<2 6 

Faeces 

i 1 3 

6 


1-6 

8 


1 

2 

Unne 

1-3 

0 5 



O 4 


4-7 

0 5 


In one experiment the oestrogen content of the muscle, skin and bone were 
detemuned 24 hours after administration in mice (2 mg per mou'^e) The 
content of muscle and skin were \ery similar (about 2 0 mg /IQO gm ) but the 
bone contamed appreciably less (about 0 75 mg /lOO gm ) The brains from 
10 mice which received 2 0 mg of D B E were removed and extracted 24 hours 
after the administration The extract produced not the slightest effect m the 
test animals, but, because of the small amount of matenal, it is possible to say 
onlj that the brain contamed less than 0 5 mg /lOO gm of tissue 
In a number of experiments assaj s were performed on extracts of the excreta 
of mice which had received 2 mg of D B E by stomach tube The mice were 
placed in small metabolism cages immediately after the admmistration In 
some experiments the unne and faeces w ere collected and extracted together, 
while m others this was done separately The results are collected m table 1 
They show that up to 10% of the dose gnen is excreted within the first few 
days but that after this penod very small amounts are excreted Most of the 
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material excreted appears in the faeces, the urine containing only very small 
quantities. 

Experiments were also performed, to determine whether any destruction of 
the oestrogen could be demonstrated by the liver in vitro. Livers from 5 ovari- 
ectomized mice were ground and then thoroughly mixed mth 5 mg. of D.B.E.; 
20 c.c. of saline was added to the mixture which was then incubated at 39®C.; 
during the period of incubation a slow current of air was passed through the 
mixture. At the end of incubation the mixture was extracted and assayed by 
the usual methods. In two separate experiments in which the incubation period 
was 5 hours the amount of oestrogen recovered was 100%. 

Discussion. The results show that the fate of D.B.E. is, in some respects, 
very different from that of the oestrogens so far studied. Unlike the natural 
oestrogens, which are rapidly inactivated, chiefly by the liver (Zondek, 1934; 
Israel et aL, 1937; Heller, 1^40), D.B.E. is stored in the body tissues to an appre- 
ciable extent and is comparatively slowly eliminated. In this respect it differs 
from stilboestrol which is rapidly eliminated from the body after absorption, 
an appreciable percentage appearing in the urine (Zondek and Sulman, 1939; 
Stroud, 1939). 

The substance is apparently distributed throughout a number of tissues, 
though by no means equally. Thus, twenty-four hours after its administration, 
an oestrogen vith the properties of D.B.E. can be extracted from fat, muscle, 
skin, bone and uterus. The concentration of the substance in the fat is greater ' 
than in any of the tissues examined. On the other hand, the liver contains very 
little and none can be detected in the brain; this suggests that the substance 
does not pass through the cerebro-spmal barrier. D.B.E. is gradually eliminated 
from the body and by the end of a fortnight only a small percentage of the dose 
given can be recovered. The elimination occurs much more rapidly from the 
rest of the body than from the fat, which contains most of the oestrogen present 
in the body one week after its administration. The selective retention of 
D.B.E. by the fat may be due to a greater solubility in adipose than in other 
tissues of the body. 

The loss of D.B.E. from the body is only to a small extent due to excretion in 
the faeces and urine. Thus the amount present falls by piacticslly 90% during 
the first three days following the administration, but only about 10% of the 
dose appears in the excreta, most of it being present in the faeces. It is there- 
fore to be presumed that the substance is metabolised in the body, presumably 
not by the liver, in view of the results of experiments performed in vitro, though 
these can by no means be regarded as conclusive. Inactive metabolic products 
may, of course, be excreted in the urine. 

In experiments at present in progress (Robson and Adler, 1943) it has been 
found that D.B.E. does not act directly on the vagina but has to be absorbed 
into the body before it can produce its effect, i.e. it is a pro-oestrogen according 
to the nomenclature suggested by Emmens (1942). In view of the resuite 
described above it seems possible that D.B.E. is stored in the body, and chiefly 
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m the fat, as such, and that small amounts of it are continually liberated and 
activated to the actual oestrogen of ^^hlch the composition is at pre«!ent unknown 
These properties of D B E suggest that it may be suitable for the treatment 
of conditions m ^\hich a prolonged oestrogemc action has to be produced, eg 
the treatment of menopausal symptoms Clinical mvestigations with D B E 
are at present in progress 


SUMMARY 

D B E uas administered to ovanectomized mice by stomach tube Tuentj 
four hours later, less than 50% of the dose could be recovered from the body, 
but after that the elimination became slower and was almost completed m 
3 weeks 

The highest concentration of the substance was found m the body fat from 
which it was more slowly eliminated than from the rest of the body Only 
5-10% of the dose given could be recovered from the excreta Most of this 
was present m the faeces 

In mtro experiments suggest that the liver does not plaj an important part 
m the inactivation of the substance 

The mode of action of D B E is discussed and it is suggested that it may be 
suitable for the treatment of conditions m which prolonged oestrogenic action 
13 reqmred 

The work on synthetic oestrogens is being done m collaboration with Professor 
A Schonberg, who prepared the D B E used m this investigation We are 
greatly indebted to the Medical Research Council for a grant (to J M R ) 
which has defrayed the expenses of the present w ork 
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Inhalation of ether is universally held to augment the flow of saliva and of 
secretions along the respiratory tract. Thus, for example, Goodman and Gilman 
(1), discussing the use of atropine in ether preanesthetic medication, state, “The 
main purpose of the drug is to prevent excessive secretions of the respiratory 
tract and salivary glands,” and, “The inhibition of secretions definitely lessens 
the incidence of postoperative pulmonary complications.” 

There are two aspects to statements such as the above. First, there is that 
relating to the sialogogue action and secondly that related to the increased out- 
put of secretions of the respiratory tract, secretions which shall be referred to as 
R.T.F. or Respiratory Tract Fluid, The sialogogue action is well knorvn and 
scientifically proven to occur in animals as well as in man. It is generally though 
not universally believed due (2) to irritation of the sensory nerve endings in the 
nose, mouth and upper respiratory tract with a consequent reflex flow of saliva 
since (a) it does not occur if the lining of the upper respiratory tract has been 
previously locall 3 >' anesthetized, or (b) if the ether is given intravenously or (c) 
during “deep” ether anesthesia when the reflexes are inhibited but when pilocar- 
pine is still a sialogogue f3). From studies to be reported below, the anesthesia 
would seem to have to be very “deep” to inhibit these reflexes bacause even in 
Plane III of surgical anesthesia a considerable outflow of naso-bucco-phaiyngeal 
secretions occurred. 

The reported effect of ether inhalation upon the output of R.T.F. rests upon 
less secure grounds and most!}" b}'’ analogy with the sialogogue action. This is 
because no satisfactory method of collecting, measuring and analysing R.T.F. 
existed before that published from this laboratory by Perry and Boyd in 1941 (4). 
Apart from more or less circumstantial evidence, such as that of Lucas and Hen- 
derson (5) on the effect of ether upon the bucco-oesophageal mucus of the frog, 
no difinite information exists upon the action of ether upon the output of R.T.F. 

During the course of studies from this laboratory upon the effect of expectorant 
drugs upon the output and composition of R.T.F. (e.g. (6)), ether has been 
purposely avoided as an anesthetic agent because of its reputed effect upon the 
output of R.T.F. It was realized, however, that this reputed effect had never 
been satisfactorily proven and eventually it was decided to make a study of the 
question. In the present communication will be described the effect of inhala- 
tion of ether upon the rate of production of R.T.F. in rabbits, cats, dogs and 
guinea pigs. The surprising result was obtained that inhalation of ether, while 
having a marked sialogogue action, had no or practically no effect upon the vol- 
ume of RT.F. in most of the animals and that atropine sulphate in no way 
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influenced the output of R T F though it dried up the flow of saliva in the usual 
way In discussion it will be suggested that these unusual findings may ha\e 
been due to the probability, as seen from experiments now in progress, that the 
output of R T F IS not markedlj affected bj drugs acting upon the autonomic 
system and hence that probablj the “tone" of the autonomic ner\e endings and 
associated structures in glands along the rcspiratorj tract is low Ether, if it 
acts bj rcflexe*! from the upper respirator} tract, could be expected to ha\ e little 
effect upon the output of R T F under thc'^e circumstances 

Technique The method of collecting II T F \\ as that of Perry and Boj d (4) with later 
improvements described by Boyd Jackson and Ronan (7) Essentiallj it consisted in 
collecting RTF through a T or "i, tracheal cannula ligated into a urethamzed etherized 
or decerebrate animal the inhaled air conditioned to temperature and moisture and the 
whole of the exposed parts insulated The output of R T F was measured half hourly 
and expressed as ml per kilo body weight per 24 hours Frcshl> redistilled peroxide free 
ether was used either as the initial anesthetic agent or introduced into the inhaled air of a 
urethamzed or decerebrate animal by blowing air through a vessel of ether and then into 
the inhaled air in the air conditioning box at any desired rate 


TABLE 1 

Effect of ctl cr inhalation upon the output of respiratory tract fluid in urethamzed animals 


SPECIES 

1 ETH AN I ZED COlfTEOlS 

I CTSEK INHAIAIION 

Number 

Mean 

5 E 

of animats 

VI can 

SE 

Rabbit 

G7 

2 0 

0 05 i 

44 

1 9 

0 00 

Cat 

0 

2 2 

0 2 

9 

3 0 

0 15 

Dog 

9 

0 4 

0 OS 

a 

1 3 

0 13 

Guinea pig 

5 

3 1 

0 56 

5 

2 9 

0 50 


The inhalation of ether in urcihamzed animals '\\ith urethane (eth}i caiba 
mate), the standard anesthetic agent which has been used m all previous studies 
on R T r m this laboratorj , it is difficult to get much below Plane I of surgical 
anesthesia Urethamzed rabbits, cats, dogs and guinea pigs were arranged for 
collection of R T F which was measured over a penod of three hours or longer 
and then ether introduced for a further period of three or more hours The mean 
outputs of R r F during urethane and the subsequent ether anesthesia w ere then 
calculated and these means hav e been listed in table 1, together with the standard 
errors of the means (standard dev lation di\ ided bj the square loot of the number 
of readings) 

From the values given in table 1, it is obnous at once that the introduction of 
ether into the inhaled air had no effect upon the output of R T F in rabbits and 
guinea pigs In the cat, the mean output of RT F was increased about one 
third by ether inhalation and the mean difference of 0 8 ml /kilo/24 hrs had a 
standard de\ lation of 0 25 giving a P \ aluo less than 0 05 and hence statistical!} 
significant Fiom certain other consideration'!, however, it ‘leems doubtful if 
ether rcall} does increase the output of R 1 F in spite of the apparent statLstical 
significance of the i \penmcnt just described For example four of the nine cats 
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used in this experiment survived until the second day or even longer and begin- 
ning the morning of the second day they had been without ether for at least 16 
hours. These 4 cats were given no ether the second day in order to find out if 
the rate of output of R.T.F. would fall after ether anesthesia, the cats still being 
alnesthetized with urethane. Taking these 4 cats only, their mean output of 
R.T.F. during the inhalation of ether had been 3.3 ml./kilo/24 hrs. the previous 
afternoon and throughout the second day the mean rate was found to be also 3,3 
ml./kilo/24 hrs. During the second day, there was no smell of ether to the ex- 
pired air although it is quite possible that small quantities may have been present 
as ether elimination by way of the lungs continues for some time after ether 
inhalation. The failure of the output of R.T.F. to decline after inhalation of 
ether had been discontinued for some time did, however, throw some doubt on 
the validity of the previous conclusion that ether inhalation increased the output 
of R.T.F. in cats. This doubt was crystallized into almost certain conviction 
when it was found, as will be described in the next section, that the inhalation of 
ether by decerebrate cats did not augment the output of R.T.F. The conclusion 
was reached, therefore, that ether inhalation had little if any effect upon the out- 
put of R.T.F, in cats and certainly none in rabbits and guinea pigs. 

On the other hand, in the dog ether did increase the output of R.T.F. some 
threefold or so. As seen in table 1, the mean difference between the output of 
R.T.F. in urethanized and urethanized, etherized dogs was 0.9 ml./kilo/24 hrs., 
the increase following the inhalation of ether. This mean difference was calcu- 
lated to have a standard deviation of 0.15 , which of course is highly significant 
statistically, and as an increase was found in all but one of the 9 dogs used, it may 
be concluded that ether inhalation does augment the output of R.T.F. in dogs. 
Furthermore, 4 of the 9 dogs lived overnight, during the second day they were 
given no ether and the mean output of R.T.F. definitely fell; the rate of output 
under ether of these particular 4 dogs had been 1.82 and during the second day 
the mean rate fell to 0.99 ml. /kilo/ 24 hrs., the mean difference of 0.83 having a 
standard deviation of 0.22. These data indicate pretty clearly that ether inhala- 
tion increases the output of R.T.F. in dogs and that after cessation of ether inha- 
lation, the output of R.T.F. returns toward the original. 

There is an objection which might be raised to the above methods of calculating 
the effect of ether — or lack of effect — upon the output of R.T.F., namely that 
mean rates have been compared over several hours before and after ether, rather 
than hourly changes in the rate of output of R.T.F. By the latter method, it 
might be offered in criticism, a effect of ether might be demonstrated, an effect 
which could be obscured by the computation of means. Hence the hourly rates 
of output of R.T.F. have been averaged and plotted in figure 1 for all of the cats, 
dogs and guinea pigs and for a representative group of rabbits. It is obvious 
from figure 1, that the conclusions previously reached from a calculation of 
means have been in no way affected by this added method of expressing the 

results. , 

A second possible criticism to the conclusion that ether did not augment the 
output of R.T.F. in rabbits, cats and guinea pigs might be that the combination 
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of urethane and ether depressed reflexes to the point in here the irritant ether 
fumes could not initiate a reflex stimulation of the output of R.T.F. While the 
degree of anesthesia varied somewhat, on the a\erage most of the animals were 
in Plane II of surgical anesthesia It w ill be show’n later that the output of R.T.F. 
is not materially influenced by changing the degree of anesthesia amongst Planes 
I, II and III and that the output of salivarj' secretions continues at an augmented 



Fio. 1. Effect op Ether Ivhalation upo.v the Ootpot of R.T.F. 

GP-U: Guinea piga given urethane before ether, R-U; rabbi ta given urethane before 
ether; C-D; decerebrate cats with no anesthetic before ether, C-U; cats given urethane 
before ether; D-U; dogs given urethane before ether. 

rate in all three planes. Hence it would not seem likely that the degree of anes- 
thesia used w'as sufficient to decrease the output of R.T.F. b 3 ’- inhibiting possible 
reflexes to the respirator}' tract mucosa and its glands. 

The inhalation of ether by decerebrate cai3. Although it seemed unlikelj' that 
urethane anesthesia had affected the output of R.T.F. in the animals described 
in the previous section, nevertheless it was deemed advisable to investigate the 
output of R.T.F. in decerebrate cats without anesthesia and later after given 
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either urethane or ether anesthesia. The mean rates of output of R.T.F. of 
non-ancsthetized, decerebrate cats collected over a period of 3 hours or more and 
the subsequent means when given either urethane at a dose of 1 gm. per kilo 
interstitially or plane 2 of ether anesthesia by inhalation into the tracheal cannula, 
are shown in table 2 and the mean hour by hour effect is charted in figure 1. 

It may be seen that neither urethane nor ether significantly altered the rate of 
output of H.T.F. from that in the non-anesthetized, decerebrate cat. The 
conclusion from these experiments is that ether has no effect upon the rate of 
output of R.T.F. in cats. It was further gratifying to find that the output of 
R.T.F. under urethane anesthesia, which has been used as the “control” rate in 
previous studies from this laboratoiy, was the same as in decerebrate cats. 
While urethane is not a powerful anesthetic agent, it does dilate the bronchi a bit 
and these considerations made it desirable to compare the output of R.T.F. in 
urethanized and in non-anesthetized, decerebrate cats. 

The ouipid of R.T.F, in different planes of ether anesthesia. Reference has been 
occasionally made in the previous sections of this communication to the planes of 
ether anesthesia and in this section will be described experiments which were 

TABLE 2 


Effect of nrethane and ether aiicsihcsia upon the output of respiratory tract fluid in decrebratc 

cats 


KCUBEH or ANIMALS 

NO ANESTHESIA 

ANESTHESIA 


Jlcan R T.F. ' 

Anesthetic agent 

Mean R.T.F. 

5 

2.1 

1 Ether 

2,3 

11 

1.8 

Urethane 

' 

1.8 


designed to investigate if the output of R.T.F. was affected by the plane of ether 
anesthesia. As pointed out by Sollmann (2), the sialogogue action of ether varies 
with the degree of ether anesthesia. Hence it was also possible that the output 
of R.T.F. might be affected by the degree of anesthesia. The output of R.T.F. 
was studied in rabbits, cats and dogs under Planes T, II and III of ether anesthe- 
sia, the planes being adjudicated after GuedePs classification of signs (8). 

The animals were anesthetized initially with ether (not urethane) and prepared 
for collection of R.T.F. They were kept in one plane for 2 or more hours "and 
then shifted to another, vaiydng the sequence so as to produce a random sam- 
pling of planes. The mean output of R.T.F. in the different planes was then calcu- 
lated and the data are given in table 3. There were no marked differences in the 
output of R.T.F. in the different planes of ether anesthesia. The mean output 
was greatest in Plane I with cats and dogs and in Plane III w'ith rabbits but the 
differences between the lowest rate, highest rate and middle rate were not great. 

It may be of interest at this point to note the effect of the different planes of 
ether anesthesia upon the output of saliva. N'o accurate record was kept of the 
outflow of saliva but in some 15 rabbits an estimate was made of the volume of 
fluid, probably mostly saliva, which dripped from the nose and mouth by col- 
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lecting it in a beaker and measuring its volume In the urethanized or decere 
bratc animals, no or \ ery little fluid dripped from the nose and mouth When 
ether \n*is u'^cd as an initial anesthetic agent, there •^^as a considerable output of 
tlub fluid A\hich, for brevib ’s sake, i\ill be referred to as ‘ saliva ” The flow of 
“saliva” continued throughout the period of ether inhalation, irrespective of the 
plane of anesthesia In the 15 rabbits \\here a rough estimate vs as made, the 
average output of “saliva” was almost identical in Planes I, II and III at about 
25 ml /kilo/24 hrs The true volume was undoubtedly higher because some, 
possibly considerable, of the fluid evaporated from the nose and mouth and while 
lying in the open beaker beneath The chief point brought out by this rough 
experiment was that the reflex flow of ‘ saliv a” from the imtating effect of ether 
was not depres'sed in Plane III of anesthesia and Plane III was the deepest plane 
used in all of these studies of R T P production 

The cjfecl of ether upon the ciliary drainage of RT P It ls w ell know n to every 
pharmacologist that if sufficient ether be added to solution bathing cilia, ciliary 
function is depressed The mucosa lining the mammalian respiratory tract is 
ciliated from the terminal bronchioles to the nose This ciliated carpet, together 

TABLE 3 


Comparison of the output of respiratory tract fluid in GuedeVs planes of ether anesthesia 


EPcazs 

lABBrr 

CAT 

BOO 

Number of anim'vh 

25 

10 

9 

Plane 1 n T r 

1 4 

3 7 

1 7 

Plane II R T P 

1 9 

2 9 

1 2 

Plane III R T F 

2 4 

3 0 

1 2 


With certain other mechanisms which have been diseu*5sed by Boyd and Ronan 
(9), is responsible for the excretion of R T P If ether depressed the function 
of these ciha, then it is possible that ether might have caused an increased pro 
duction of RTP in the sections of this report described above but the aug 
mented output could not be all eliminated and remained lying in the respiratory 
passages If so, then by postural dramage of the lung m the Trendelenburg posi- 
tion with the axis of the body held head downward, the accumulated RTF 
should be readilv drained away and the output of R T P should be thereby 
increased 

To investigate this possibihtv, rabbits cats and dogs were anesthetized with 
ethei and arranged foi collection of R 1 P upon especially made tables, dc 
senbed by Boy d, Jackson and Ronan (7), by which the animals could be arranged 
for postural pulmonary drainage m a modified Trendelenburg position RIF 
was collected (a) with the animals lying prone upon their bellies, (b) with the 
ammals arranged for pulmonary drainage with tlie axis of the body held head 
dow nw ard at an angle of 30° and (c) 50° w ith the horizontal ov er a period of 1 day 

The mean output of R T P with the lungs not posturally drained and with 
drainage at the tw o different angles, is listed in table 4 It is quite ev ident that 
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postural pulmonaiy drainage did not increase the output of R.T.F. during ether 
anesthesia. These results prove definitely that ether anesthesia does not mate- 
rially alter the rate of production or output of R.T.F. in rabbits and cats and that 
ciliary drainage of R.T.F. is not impaired in ether anesthesia of rabbits, cats and 
dogs. 

The effect of atropine sulphate upon the output of The time-honoured 

use of atropine sulphate, “to prevent excessive secretions of the respiratoiy 
tract,” (1) naturally suggested a trial of its effect upon the output of R.T.F. as 
herein measured. Given subcutaneously in doses ranging up to the lethal dose 
to rabbits, cats and dogs under urethane or ether anesthesia, it had no consistent 
effect whatsoever upon the output of R.T.F. The results, showing the mean 
output of R.T.F. during 3 or more hours before and for a corresponding period 

TABLE 4 


Effect of different angles of postural drainage of the respiratory tract upon the output of 
respiratory tract fluid during ether anesthesia 


SPECIES 

pabbit 

CAT 

DOG 

Number of nm'mais 

30 

■ 29 

21 

R.T.F. at angle 0® 

2.4 

3.3 

1.9 

R.T.F. at angle 30® 

2.4 

2.8 

1.4 

R.T.F. at angle 50® 

j 2.6 

2.6 

1.3 ^ 


TABLE 5 


Effect of atropine sulphate upon the output of respiratory tract fluid 


SPECIES 

BABBIT 

CAT 

DOC 

Anesthetie agent 

Ether 

Urethane 

Ether 

Ether 

Number of animals 

! 17 

9 

11 

4 

Pre-atropine R.T.F 

2.3 

1-5 

3.3 

1.0 

Post-atropine R.T.F 

2.3 

1.9 

2.8 

0.8 



after atropine, are given in table 5. The doses of atropine sulphate used were 
from 50 to 500 mgm. per kilo for rabbits, 1 to 20 mgm. per kilo for cats and 1 to 
4 mgm. per kilo for dogs. In all these experiments, atropine markedly reduced 
the flow of saliva which with ether was greatly increased but it had little or no 
“drying up” effect upon the secretion of R.T.F. 

The absence of any inhibitory effect of atropine upon the output of R.T.F. was 
an unexpected result, especially in cats and dogs. Rabbits tolerate large doses 
of belladonna alkaloids, their “cholinergic tonus” is in general low and they have 
few acinar glands in the respiratory tract, so that the lack of any action from 
atropine was not entirely unexpected. The mucus-secreting goblet cells are 
sparingly, if at all, innervated by autonomic nerves (10) and do not respond to 
cholinergic drugs f 11) . On the other hand, cats have plenty of acinar glands in 
the respiratory tract, glands which are freely innervated and which have been 
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shown to secrete when cholinergic drugs are given (11) Dogs likewise are well 
supplied with acinar glands in the respiratory tract On the other hand, Bojd 
and Jackson (12) find that the cholinergic drugs, Carbachol B P (‘Doryl’), 
pilocarpine nitrate and physostigmine salicylate have little effect upon the output 
of R T F m urethanizcd cats except in sub lethal doses Since adrenergic drugs 
have little effect upon the output of R T F (7), it would appear that the glands 
of the respiratory tract are not particularly sensitive to adrenergic or cholinergic 
stimulation The advantage of atropine m ether pre anesthetic medication is 
obviously prevention of the sialogogue action and not a diminution of secretion of 
RTF, that is at least m rabbits, cats and dogs \^^lether the same statement 
applies to man cannot be said from the evidence a\ ailable and especially m aiew 
of the species vanation which, from the present studies, would appear to be a 
charactenstic of R T F production 


SUMMARY 

Anesthetized or decerebrate cats, rabbits, dogs and guinea pigs were arranged 
for collection of R T F (Respiratory Tract Fluid) through a tracheal cannula 
and with conditioned inhaled air 

The inhalation of ether had no effect upon the output of R T F in urethanizcd 
rabbits, cats and guinea pigs but did increase the output some threefold m dogs 
The output of R T F m rabbits, cats and dogs was not different in Planes I, 
II and III of ether anesthesia 

The output of R T F m decerebrate cats was similar to that m urethamzed 
cats and not affected bv the inhalation of ether 
There was no evidence that the inhalation of ether damaged the cilia lining the 
respiratory am\ay and which dram RTF because the output of R T F under 
ether anesthesia was not increased by postural pulmonary drainage 
Fmallj , atropine sulphate did not affect the output of R T F in urethamzed 
nor in ethenzed rabbits, cats and dogs 
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In 1941 EUingson (1) synthesized a sulfonamide (2-suIfaniIamidopyrazine) 
which he named sulfapyrazine. Studies by Schmidt et al. (2, 3) showed that 
sulfapyrazine compared favorably with sulfadiazine, sulfapyridine and sulfa- 
thiazole in experimental pneumococcal and streptococcal infections in mice. 
Their results also^ indicated that sulfapyrazine possessed greater activity in 
vitro against pneumococci than sulfadiazine. Preliminary clinical studies (4) 
suggest that patients tolerate sulfapyrazine about as well as sulfadiazine and 
better than sulfapyridine or sulfathiazole. Little has been reported, however, 
on the efficacy of this compound against other bacterial infection or the possible 
toxic effects following prolonged administration of the drug. The results pre- 
sented in this report are concerned with these aspects. 

General course of the investigation. The experiments which are in- 
cluded in this report may be divided into two main groups. In group I the 
toxicity of sulfapyrazine was compared with that of sulfadiazine using the 
effects of the acute, cumulative and chronic administration as a basis for com- 
parison. In group II, sulfapyrazine, sulfadiazine, sulfapyridine and sulfathia- 
zole were compared for their relative effectiveness in experimental streptococcal, 
pneumococcal and staphylococcal infections in mice. 

Materials. Male S^^^ss mice (CFi) and rats (Carworth) were used through- 
out the course of this investigation. The animals were maintained on an ade- 
quate stock diet with sufficient water available at all times. In the acute 
toxicity and in the efficacy experiments the drugs 'ivere ground in a mortar and 
suspended in 10% gum acacia. For the chronic toxicity studies the drugs were 
incorporated in the stock diet and fed to animals ad libitum. Samples of the 
drug diet mixture were taken at random and analysed for drug content in order 
to be certain that the mixture was homogeneous. 

Strains of Streptococcus hemolyticus (1685), Diplococcus pneumoniae (type I) 
and Staphijlococcus aure^is (Smith) were used to produce experimental infection. 
The organisms were grown in brain heart infusion media supplemented with 10 
per cent defibrinated rabbit blood. The degree of virulence of all strains was 
such that 0.5 cc. of a 10"^ culture dilution provided an infection ranging from 
10,000 to 20,000 lethal doses as determined by titration in mice. Virulence was 
maintained by mouse passage twice each week. The drug concentration in the 
blood of test animals was determined using the method of Bratton and Mar- 
shall (5). In the efficacy experiments dealing with mice, blood level determina- 
tions were usually performed on a group of uninfected mice treated with the 
drug in the same manner as the infected animals. 

Results. Acute and cumulative toxicity. Acute oral toxicity experiments 

354 



STUDIES ON SULFA PITIAZINE 


355 


indicate that single doses of sulfapj razinc or sulfadiazine are not lethal for mice, 
rats or dogs e\en in quantities as large as 10 grams per kgm (table Dogs 
fed either drug b> stomach tube showed no tendency to \omit such as reported 
for sulfapyndine (6) ^^^len doses of 0 5, 1 0, 2 0 or 4 0 grams per kilogram of 
either drug were administered dailj over a 10 daj penod to mice, no outward 

TABLE 1 


Acvte oral loxtciiy of svljapyra^tne and sulfadtazine in mice rats and dogs 



DOSS 

KO or ANOIALS 

FEl SOSK 

r£<CEKTACE DEAD 

Suljapyratine 

S»lfad az ne 


tm /ifm 




Mice 

1 0 

50 

0 

0 


5 0 

50 

0 

0 


7 5 

50 

0 

0 


10 0 

50 

0 

0 

Rats 

1 0 1 

25 

0 

0 


5 0 

25 

0 

0 


7 6 

25 

0 

0 


10 0 ! 

25 

0 

0 

Dogs 

1 0 

7 

0 

0 


5 0 

7 

0 

0 


TABLE 2 

Cumulatue toncilg of sulfapjrazinc and svlfadiaztne in mice 




NO or incx 



KO 

BEAD ZV 







1 

2 


4 

s 

JO 

JS 

Sulfap>razine 

0 5 

50 

0 

0 

0 

1 

0 

0 

0 


1 0 

50 

0 

0 

0 

0 

0 

1 

0 


2 0 

SO 

1 0 

0 

0 

0 

0 

0 

0 


4 0 

50 

0 

0 

0 

0 

1 

0 

0 

Sulfadiazine 

0 5 

50 

0 

0 

0 

0 

0 

1 

0 


1 0 

50 

0 

0 

0 

0 

0 

1 

0 


2 0 

50 

: 0 

0 

0 

' 0 

0 

1 

0 


4 0 

so 

! 0 

0 

0 

i 0 

0 

0 

0 


* Fed daily for 10 daj s 


signs of toxicity were obse^^ed (table 2) Animals sacrificed at the end of the 
feeding penod show ed no abnormalities upon gross examination The maximum 
drug concentration m the blood m the 10 daj feeding experiment was 38 0 mgm 
per cent for sulfapvrazme and 55 4 per cent for sulfadiazine Therefore, the 
lack of oral toxicitj of sulfapj razme or sulfadiazine appears to be due to the 
limited amount of drug absorbed from the intestinal tract Visible amounts of 
the drugs were observed in the feces of the foregoing animals 
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Toxicity of sulfapyraztne-sodium. This was determined in mice by adminis- 
tering a 10 per cent solution intravenously in doses ranging from 0.25 to 1.0 
grams per kgm. Observations were made daily over a seven-day period. As 
sho\vn in table 3> sulfapyrazine-sodium is definitely toxic under these conditions. 
This toxicity, however, is not greater than that reported for sulfadiazine-sodium. 

Chronic toxicity in mice, rats and dogs. Sulfapyrazine and sulfadiazine were 
incorporated in powdered stock diet (Si)i in concentrations of 0 5 and 1 0 per 
cent and fed to mice and rats over a period of five months. An equal number of 
animals fed this stock diet served as controls. Throughout the course of the 
experiment, food and water consumption and the weight of the rats were re- 
corded. 

Both drugs were foimd to influence the normal development of rats in the 
0.5 and 1 per cent drug concentration as judged by the weight curves At first 

TABLE 3 

Acute intravenous toxicity of sulfapyrazine-sodtum in mice 

NO or inCE PEE 
DOSE 


10 
10 
10 
10 
10 
10 
10 
10 
10 

this effect appeared to be somewhat greater with sulfadiazine, but eventually 
there was essentially no difference between the weight of the rats fed 1 per cent 
sulfadiazine or sulfapyrazine. This retardation of the normal weight gain 
appeared to be closely associated Avith a decrease in food consumption. Within 
two to three weeks the rats on the 1 per cent drug diet mixture of sulfapyrazine 
or sulfadiazine were only eating about } to f the amount of food consumed by 
the control rats. This difference became more striking as the experiment pro- 
gressed and suggests definite abnormalities in the rats receiving the drugs. 


NO DEAD IN DAYS 



DOSE 


gm /kgm 

0.25 
0.50 
0 75 
1.0 
2 0 

2 5 

3 0 
3.6 
4.0 


iSi Diet: 

Whole milk powder (Klim) 
Yellow corn meal 
Whole 'v\ heat, ground 
Linseed oil meal, old process 
Alfalfa leaf meal 
Sodium chloride 
Calcium carbonate 
Cod liver oil 


210 grams 
330 grams 
330 grams 
70 grams 
20 grams 
5 grams 
5 grams 
100 cc. 
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Deaths began to occur after the nineteenth da} and upon autopsy rats d}ing 
from both drugs showed considerable urolith formation nhich frequently pro 
duced a marked degree of h} dronephrosis As may be seen in table 4, an equal 
number of deaths occurred m the groups receii mg 0 6 or 1 per cent sulfapj razine 
and 1 per cent sulfadiazine No deaths occurred m rats receiving 0 5 per cent 
sulfadiazine Death appeared to be the result of the h} dronephrosis caused by 
the urolith formation Tlie blood concentration studies mdicate that rats on 
0 5 or 1 per cent sulfap} razine had approximately the same level This would 
explain the similarity m the numbei of deaths m both groups of rats It is to 
be noted that the blood level concentrations were mfluenced somewhat by the 
decreased food consumption of rats on the 1 per cent drug diet mixture This 
might account in part for the similarity in the blood lev els and toxicity found m 
rats receiving 0 5 or 1 per cent sulfapyrazine Tliat these results cannot be 
explained entirely by the effect of food consumption, however, is shown by the 
fact that the rats receiving the diet containing 0 5 and 1 per cent sulfadiazine 


TABLE 4 

Chrome toxicity of sulfapyrazine and sulfadia-'ine rala 


MO OTXkTS 1 

tJWJG* 1 

cONcwmtAHOS 
at ozeG iM 

D ET 

! j 

IN 7 UOVTB5 ' 

llEAf ZLOOD 
CONCEKTEAnON 

: AVEKACe 

wEicat or 
soEnviNo 
AKIUAIS 

15 1 

Sulfapyrazine 

Per eenl 

0 5 ' 

s 

nim Per cert 

30 0 

260 

15 

Sulfapyrazine 

1 0 

8 

34 8 

158 

15 

Sulfadiazine 

0 5 

0 

28 7 

392 


Sulfadiazine 

1 0 

9 

47 5 

180 

15 ' 

Control 

0 

0 

0 

452 


• Druga fed daily for seven months 


had a mean blood concentration of 27 7 and 47 5 mgm per cent It will be 
recalled that sulfadiazine had the same effect upon the food consumption as 
sulfap} razine The results show however that more rats died on the 0 5 per 

cent sulfapyrazine drug diet mixture than on 0 5 per cent sulfadiazme mixture 
The findmgs in the chronic toxicity studies m mice show that both drugs pro 
duce kidney concretions m mice It vnll be recalled, that concretions do not 
occur m mice following the administration of other sulfonamides such as sulfa 
pyndme or sulfat hi azole (0) 

Wlien dogs w ere fed 0 5 and 1 gm per kgm daily ov er a tbme month period, 
uroliths were found m the bladder and kidneys of all animals Since dogs do 
not acetylate the sulfonamides (7), this indicates that free sulfadiazine or sulfa 
p} razine can cause kidney concretions 
Influence of alkalization of the tirtne on urohthtasts Clinical expenence has 
shown that the incidence of urolithiasis following sulfadiazine admmistration is 
greatly reduced by alkalization of the urme (9) Examination of the solubihties 
of sulfapyrazine and acet}l siilfap}Tazme at various pH levels indicates that the 
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solubility of both drugs is increased considerably by increasing the pH of the 
solvent from 7.0 to 7.4 at 37“C. (fig. l).^ Similar findings have been reported 
for sulfadiazine (8). The explanation of this phenomenon is that these drugs 
and their acetyl derivatives are weak acids which ionize and form soluble salts 
in an alkaline medium (9). One might expect therefore that alkalization of the 
urine would also have a favorable influence on the incidence of urolithiasis in 
animals fed sulfapyrazine. To determine this, two groups of ten rats each were 
set out on a stock diet containing 1 per cent sulfapyrazine. One per cent so- 



pH o« fOutfiON BJ^rcnsj 


Fig. 1. Solubility of Sulfapyrazine and Acetyl Sulfapyrazine in Phosphate Buffers 

dium bicarbonate was added to the diet of one of the two groups in order to 
maintain the urine above pH 7.0. For comparison similar experiments were 
performed with sulfadiazine. No evidence of urolithiasis was found in rats 
fed the sodium bicarbonate whereas all of the animals not receiving sodium bi- 
carbonate developed concretions and kidney complications. This suggest.^ that 
alkalization of the urine should be of definite value in reducing or eliminating 
urolithiasis in the clinical use of sulfapyrazine. 

Pathologic and hematologic findings. The rats receiving sulfadiazine or siilfa- 
pyrazine revealed the same qualitative pathologic changes, namely, a) concrc- 

’The authors are indebted to Dr.R.C. Ellingson of ^^ead Johnson & Co. for the solubilil) 
studies on sulfapyrazine and acetyl sulfapyrazine presented in Figure 1. 
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tions in the lodnej pcK is ureter ‘ind bladder wTth secondary hj dronephrosis, 
pyonephrosis or pj elonephntis b) markcdlj hjpcrplastic thjroid, c) atrophy 
of the spleen, and d) slight to moderate parenchimatous degeneration of the 
li\ er The difference m the pathologic effects of the t\\ o drugs as quantitatn e 
On the same do'se le\ el rats receiving sulfapi razme developed the lesions some 
what earlier and died sooner than those receiving sulfadiazme 
The blood findings in rats receiving 1 per cent sulfadiazine or 1 per cent sulfa 
PiTazme m the diet and fed ad hb for si\ months were normal 
All the dogs recei\ mg 0 5 gm or 1 0 gm per kgm sulfap> razme dailj for 
three months revealed greenish jellow concictions m the kidnej pehns and 
bladder The ureters weie normal Microscopic sections revealed a mixture 
of cr\stals, fibrin red cells and desquamated epithelial cells in the pehis Eo 
smophilic coagula and occasional red cells w ere present m Bow man s space the 
con\ oluted tubules, and the papillary ducts A mild chronic pyelonephritis was 
present Occasionall> se\ere congestion and hemorrhage of the renal papillae 
w as observed 

The Iners of the dogs receiMng 1 gm per kgm re\ealed moderatcK severe 
-venous congestion The Uver cord cells were markedly hypertrophied The 
nuclei were normal and an occasional binucleated cell was present The cjto 
plasm was increased thinned and granular and occasional large -vacuoles con 
taming sudanophilic material were piescnt 

The spleens were all shghtlj smaller than normal Microscopically the spleen 
of only one dog receiv mg 1 g per kgm show ed clianges The tra\ ecular \ eins 
contained early thrombi and scattered throughout the red pulp were small foci 
of nucleated red cells 

The thyroids were all slightly enlarged and congested The striking clinnge 
microscopically was the almost complete absence of colloid (fig 2) The changes 
were diffuse There was no increase m connective tissue The follicles were 
increased m size The epithelial cells were tall columnar, and papillation was 
quite evident Many desquamated epithelial cells filled the follicles No 
mitotic figures were observed These changes were more marked m those dogs 
receiv mg the higher doses 

Other tissues showed no abnormal changes except foi the presence of a slight 
bilateml pleural effusion and ascites in tw o of the four dogs 
The blood findings m these dogs w ere normal 

The pathologic findings on sulfadiazine have been reported by others (10) 
and therefore are not included in this report 
Blood lads In order to evaluate and discuss the results obtained in the 
efficacy experiment data on the blood concentration of each drug during the 
period of treatment must be av ailable Tor this reason the following expen 
ments were undertaken Groups of normal mice were fed 5 and 10 mgm doses 
of each drug depending upon the treatment schedule used during the efficacy 
expenments At houily intervaK the blood of five mice was pooled and an 
alyzed for the free drug according to the method of Bratton and Marshall (5) 
The results of these experiments arc giv en m figure 3 
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All four drugs reach a' maximum blood concentration within 30 to 60 minutes. 
This concentration is inaintained more constant by sulfapyrazine than by the 



Fig. 2. Hyperplasia of the Thyroid in Dogs Following Sulfapyrazine 
Administration 


sulfapyrazine 

sulfadiazine 



irive IN HOURS 

Fig. 3. Blood Concentration of Sulfapyrazine, Sulfadiazine, Sulfapyridine and 

Sulfathiazole in Mice 

other drugs. Doses of 5, 10 or 20 mgs. of sulfapyrazine produce the same blood 
concentration in mice. Sulfadiazine produces blood concentrations wliich are 
considerably higher than any other drug but this is not maintained as well as 
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sulfapyrazme Sulfapyndmc concentrations ^^ere greater than sulfapyrazme, 
but showed considerable fluctuation betiveen the maximum, and minimum con- 
centration Sulfathiazole concentrations i>ere somewhat greater than sulfa 
pjrazine le\els dunng a short interval follow mg the treatment but this level 
declined and was below that of sulfapyrazme most of the time These results 
are m close agreement to those reported bj other investigators (2) 

Therapeutic ei-ficacy Methods The tn i iro activity of sulfapyrazme was compared 
with that of sulfadiazine sulfapj ridine and sulfathiazole Strains of Slreptococeua hemolyl- 
teua (#16S5), Diplococeiis pnevmoniac (Type I #37), and Staphylococcus ourcus (Smith) 
were used to produce experimental infection The cultures were grown for six hours at 
37*C m brain heart infusion media supplemented with 10% defibnnated rabbit blood 

TABLE 5 

Comparaltte aclntty of the sulfonamides in streptococcal, pneumococcal and staphylococcal 
infections tn mice 

Infection 0 5 cc of a 10 10 ‘ or 10 * culture dilution I P 

Age of culture G hours 

Treatment Fed by mouth every 6 hours for 5 days 

Dose 5 mgs per mouse 


KO OriXTHAt 
0OSES IW/ZCTED 

cin.T..r 

rElCENTACt SumVIVAt AITE* 10 DAYS 

; SPA* 

SD ! 

SP 

ST 

CohItoI 

50 to 100 

St licmolyticus (#16S5) 

, ss 

00 

76 

80 

0 


D pneumoniae (#37) 

SO 

82 

70 

72 

0 


Staph aureus (Smith) 

85 

SS 

SO 

82 

0 

800 to 1000 

St hemolyticus (#1GS5) 

SO 

85 

50 

48 

0 


D pneumoniae (#37) 

SO 

84 

50 

52 

0 


Staph aureus (Smith) 

85 

86 

70 

72 

I ^ 

10 000 to 

St hemolyticus (#16S5) 

GO 

1 

70 

42 

36 

1 ^ 

20 000 

D pneumoniae (#37) 

52 

60 

IS 

20 

0 


Staph nureus (Smith) 

70 i 

74 

CO 

64 1 

I 0 


•Spa , sulfapyrazinL SD sulfadiazine, SP , sulfapyridine, ST , sulfathiazole 


Infection was produced by the intrapcntoneal injection of 0 5 cc of a 10“*, 10“‘ or 10“* 
culture dilution This quantity of culture was equal to 10 000 1 000 and 100 lethal doses 
respectively as determined by titration testa in mice In order to produce a fatal infec- 
tion with Staphylococcus aureus (Smith) thcorgamsms were injected in 4 per centgastnc 
mucin The infected animals were treated by stomach tube immediatclj after the bac- 
terial infection and thereafter at six hour inters als day and night for five dajs 

Results Comparahie actiinty of sulfapyrazme, sulfadtaztne, sulfapyndtne 
and sidfathtasole when admimstered tn equal doses "When the expenmental m- 
fection was not sex ere (100 lethal doses) there was essentiallj no difference m 
the activ ity of the four drugs All compounds afforded excellent protection to 
mice in streptococcal, pnumococcal and staphj lococcal infections (table 5) 
^^^^en the infecting dose was mcreased to 1,000 lethal doses, sulfapj razme and 
sulfadiazine were distinctly more efficacious than sulfapjndme or sulfathiazole 
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Under these conditions, siilfap 3 Ta 2 ine and sulfadiazine showed essentially the 
same activity. However, when severe experimental conditions were employed, 
such those obtained by injecting 10,000-20,000 lethal doses of organisms* 
sulfadiazine appeared somewhat more active than sulfapyrazine. From the 
blood concentration studies, however, it is apparent that the blood levels ob- 
tained with sulfadiazine are considerably greater than those of sulfapyrazine. 
Sulfadiazine nnght therefore be expected to show a greater activity when the 
experimental infection is of a severe nature. 

Comparative effectiveness of s^dfapyrazine, sulfadiazine, sulfapyridine and sulfa^ 
ihiazole at equal blood concentrations. In order to compare the efficacy of these 
drugs under identical conditions, the dosage was adjusted and administered in 
such a manner that the average blood concentrations maintained were similar. 
For this purpose doses of each drug were selected which maintained a blood 
concentration between 4 and 6 mgs. per cent. Thus quantities of 1.0 mg. of 

TABLE 6 

Comparative activity of the sulfonamides in mice at equal blood concentrations 

Infection: 0.5 cc, of a 10"^ culture dilution I.P. 

Age of Culture: 6 hours. 

Treatment: Fed by mouth every 6 hours for 5 days. 

Dose: Adjusted to maintain blood concentrations between 4 and 6 rag. %. 


j 

NO or IXTHAI. 
»05rs INJECTED 

CEXTDXE 

PEECENTACE SUKWAI. AETEE 10 DA>5 

SPA\ 

SD. 

SP. 

ST. 

Ccnirel 

10,000 to 

St. hemolyticus (^1685) 

60 

58 

50 

52 

0 

20,000 

D. pneumoniae (#37) 

50 

48 

44 

46 

0 


Staph, aureus (Smith) 

68 

70 

65 

68 

0 


* SPA., sulfapyrazine; SD., sulfadiazine; SP., sulfapyridine; ST., sulfathiazole. 


sulfadiazine, 5 mgs. of sulfap 3 nrazme, 7 mgs. of sulfathiazole and 6 mgs. of sulfa- 
pyridine were given every six hours to mice infected with 1,000 lethal doses of 
Streptococcus hemolyticus § 1685. A summaiy of these results shows that the 
activity of all four drugs was essentially equal under these conditions (table 6). 

Discussion. The results of the acute and chronic toxicity show that sulfa- 
pyrazine like sulfadiazine produces kidney concretions in mice, rats and dogs 
following prolonged administration. Since dogs do not detoxify the sulfona- 
mides by acetylation (7) it is apparent that the free form of these drugs may also 
cause kidney concretions. This does not occur with sulfapyridine (6). In rats, 
the incidence of concretion formation appears to be greater with sulfapyrazine 
than vdth sulfadiazine. However, since with both drugs the formation of 
kidney concretion can be prevented by alkalization of the urine, the factor of 
urolith formation is greatly minimized. ^ » 

In general, the same pathological changes were produced by sulfapyrazine and 

sulfadiazine in rats and dogs. 

Sulfapyrazine, like sulfadiazine proved to be a potent drug against expen- 
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mental streptococcal, pneumococcal and staphylococcal infections m mice In 
mild or moderately severe infections, sulfapyrazine and sulfadiazme were more 
active than sulfatluazole or sulfapyridine As pointed out recently by Schmidt 
and Sesler (3) the superiority of sulfap 3 razme and sulfadiazine over other 
sulfonamides appears to be due to the slois rate of absorption and excretion of 
these drugs making it possible to maintain effective blood concentrations be 
tween doses Thus when the dosage was adjusted to afford equal blood concen- 
trations, all drugs show ed essentially the same acti\ ity The results of Marshall 
et al (11) and Schmidt et al (2) indicate that sulfapyrazme is even more effective 
than sulfadiazme m experimental pneumococcus infections m mice when com- 
pared on the basis of equal blood concentrations 

The findmgs reported in this paper suggest that sulfapj razme, hke sulfadia- 
zine, would make a useful addition to the field of bacterial chemotherapy, 
pro\ iding clinical findings bear out the experimental studies 

SUMMARY 

1 Rats receiving sulfapyrazine or sulfadiazme revealed the same qualitative 
pathological changes following prolonged administration 

2 The incidence of uroUth formation following the administration of sulfa- 
diazme and sulfapyrazine can be greatly reduced or completely ehmmated by 
alkalization of the unne 

3 Sulfapyrazme and sulfadiazme appear to be equallj effective against 
experimental pneumococcal, streptococcal, and staphylococcal infections when 
compared on the basis of equal blood concentrations 
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Interest in the colored decomposition products of physostigmine began as early 
as did the attempts to prepare a pure alkaloid from the calabar bean. Thus, 
in the work of Jobst and Hesse (1) and Hesse (2) in which alkali was used to 
precipitate the alkaloid or to aid in the extraction with ether, the authors noted 
the red color which rapidly appeared in alkaline solutions of physostigmine. 
Their observation that the color formation was sIoav^ in sodium bicarbonte solu- 
tion, much more rapid in sodium carbonate solution, and immediate in am- 
monium hydroxide solution may be interpreted to mean that the hydroxyl ion 
concentration controls the rate of formation of this red color (see paper No. II 
(3) of this series for a detailed study of the rate of destruction and its dependence 
upon pH]. Under certain conditions blue coloration in the physostigmine prep- 
arations was also detected by these authors. 

Much information about these colored products had been brought to light 
even before Polonovsky (4) was in a position to propose the possible structures 
of physostigmine and one of the postulated structures was proven to be correct 
by its synthesis (5, 6). Thus, the red substance which causes the characteristic 
pink color of decomposed physostigmine solutions was isolated and named 
rubreserine by Duquesnel (7). A blue substance was obtained by Petit (8) 
when physostigmine was evaporated with concentrated ammonia on the steam 
bath and was called eserine blue. The product obtained by Ferreira da Silva 
(9) by evaporating physostigmine to dryness with nitric acid was called chlores- 
erine because of its green color. 

The mechanism of the decomposition of the drug was first studied by Ehren- 
berg (10) and later by Salway (il). The latter gave methods for preparing the 
products in pure form. The first step in the breakdo™ was shown to in vo/ve 
the loss of methylamine and carbon dioxide, leaving a product which Salway 
found to be a phenolic compound, eseroline. This phenolic compound was then 
oxidized to a red compound, rubreserine. Ehrenberg gave the empirical for- 
mula of rubreserine as C13H16O2N2. Salway confirmed this formula and found 
that eseroline absorbed two atoms of oxygen in forming rubreserine. In a study 
of the enz3nnic oxidation of eseroline in the presence of indophenol oxydase (cyto- 
chrome oxydase), Massart, Vandendriessche, and Dufait (12) also showed that 


1 These studies were supported by grants from the Ella Sachs Plotz Foundation and from 
the University Comnuttee on Pharmacotherapy. , . « , . ^ 

» Some of this material ^Yas presented at the meetings of the Federation of Amencan bo- 
cielies for Experimental Biology, in Boston, April, 1942. 
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rubreseruie was formed by the absorption of two atoms of oxjgen These 
authors made the appropriate suggestion, although lacking experimental evi- 
dence, that the product might be an ortho qumone in accordance with the 
other known oxidation products of phenols formed by this enzyme Salway 
found that the empirical formula of e'tenne blue was CHH 23 O 2 N 3 , and that the 
substance formed a dihjdrochlonde with a formula CitHzjOiNj 2HC1 Tins 
author also obsen ed that m the formation of the so called eserme brow n, the end 
product formed when phj sostigminc stands in alkaline solution, file atoms of 
oxygen are absorbed per molecule of phj sostigmine !Massart et al obtained a 
similar oxjgen absorption when eserohne was corapletelj oxidized in an enzjmuc 
system 



ESERINE BLUE < 

i 

ESERINE BROWN ^ 

RUBRESERINE 

Fia 1 Mechanism of the Decomposition of Physostigmine 



The scries of reactions taking place m the decomposition of physostigmme are 
pictured in figure 1 The structure proposed for rubresenne and given in this 
figure IS based upon the established empincal formula (10, 11) and the results 
presented in this paper 

Prejiaraiioii and chemical pro’pcTtics of ihe decomposition products of physostig 
mine The methods used m preparing the various products for this investiga- 
tion arc simpler than those of pre\ ions w orkers 

Eserohne Fne grams of phjsostigmme sulfate^ was placed in a small con- 
tinuous extractor and the air was displaced by a stream of oxygen free nitrogen 
A solution of 10% sodium hj droxide (30 ml ), which had been boiled and cooled, 

• We are grateful to Merck & Co , Inc , Rahway, N J , for a generous supply of this drug 



, 366 


SYDNEY ELLIS 


and then saturated with nitrogen, was then added from a dropping funnel to the 
physostigmine sulfate in the extractor and nitrogen bubbled through the suspen- 
sion of physostigmine in sodium hydroxide for four hours. The reaction was 
completed by careful heating. The physostigmine was at this stage completely 
hydrolyzed to the phenolic eseroline, which was soluble in the alkaline solution. 
The alkaline solution was cooled, air-free ether was added through the dropping 
funnel, and the alkaline solution was extracted continuously for several hours. 
(The time necessary for the extraction was decreased in later runs by saturating 
the solution with carbon dioxide before extracting vdth ether.) The ether was 
evaporated under reduced pressure and the almost colorless, oily residue was left 
overnight in a vacuum desiccator containing sulfuric acid. On standing, the 
oil changed to a white solid which melted at 114“125°C. This solid was recrys- 
tallized twice from a mixture of benzene and petroleum ether and finally was 
washed with a small amount of cold ether. After the colorless crystalline mate- 
rial had been dried over sulfuric acid in vacuOj its melting point was 128®C., with 
slight softening at 124®. Salway (11) reported that the melting point of eseroline 
was 127-128®C. 

A noteworthy property of eseroline is its ability to reduce silver nitrate to 
metallic silver, the eseroline solution turning red. Even in the crystalline state 
eseroline is diflScult to keep. It turns pink in the air and when sealed in an am- 
poule it sometimes turns light green. 

Ruhreserine. A solution of 1 gram of physostigmine sulfate in water was made 
alkaline and extracted 'with ether. The ethereal solution of physostigmine was 
shaken with a small portion of 5% sodium hydroxide until the water layer had a 
strong pink color. The alkaline solution containing the ruhreserine was quickly 
drawn off into a solution of sulfuric acid sufficiently'’ acid to keep the mixture acid 
to Congo Red paper. The shaking of the ethereal solution with alkali was re- 
peated several times until very little color appeared in the alkaline layer. The 
combined extract was made basic with 5% sodium hydroxide and rapidly ex- 
tracted with chloroform. The chloroform extracts were combined, washed with 
water, and, without drying (ruhreserine was strongly adsorbed by both calcium 
sulfate and calcium chloride and was very difficult to elute even with hot al- 
cohol), the chloroform was evaporated in vacuo, A semi-solid, red material re- 
mained, and this, upon recrystallization from a mixture of chloroform and 
petroleum ether at — 13®C., gave a red solid which, after drydng in vacuo at 78®C. 
over sulfuric acid, melted at 132-133°C. Since another recrystallization had no 
effect on the melting point, this substance was considered to be the monohydrate 
of ruhreserine as reported by Sahva 3 ^ 

A sample of crystalline ruhreserine which, when dried over solid potassium 
hydroxide, melted at 144-145®C., gave the following elementary analyses:^ 

Calculated for Salway (11) 

C«Hj»0*Ni Reported 


C = 66.25, 66.58, 66.08% 
H = 7.30, 7.68, 7.33 
N = 12.35, 12.79, 12.16 


C = 67.2% C = 67.5% 

H = 6.9 H = 7.2 

N = 12.1 N = 12.1 


«We aro vety grateful to Dr. K. T. Major, of Merck and Co., Inc., tor those analyses. 
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In the progress of this work some properties of this interesting compound 
have been noted which have not been stressed by previous workers. Rubres- 
crine is yellow in concentrated hydrochloric and sulfuric acids. The substance 
can be extracted from sodium bicarbonate solution by chloroform, but the ex- 
traction is inefficient. It is soluble in most organic solvents, including ethyl 
acetate, but is insoluble in ether and only very slightly soluble in ben 2 ene. When 
dissolved in saturated barium hydroxide solution there is some green coloration 
intermediate to the formation of the yellowish- brorni color of eserine brown, and 
this was taken as evidence of the formation of eserine blue from rubreserine. At 
pH 2.5 in a continuous extractor chloroform extracted rubreserine slowly and 
did not extract eserine blue from a mixture of the substances. A solution of 
rubreserine was changed to a slightly yellow solution by sodium hydrosulfite 
(NajSaOO and the pink color returned when air was bubbled through the solu- 
tion. Jobst and Hesse (1) had observed that H 2 S, w’hich was used to precipitate 
lead, discharged the pink color, which returned when the HjS was removed. 
A color test for physostigmine reported by Mokragnatz (13), in which a purple 
color is obtained when a benzidine reagent and hydrogen peroxide are added to 
the alkaloid, gave no characteristic color when rubreserine was tested. 

Eserine blue. Repeated evaporation of physostigmine in amounts of 10-100 
mgm. Avith concentrated ammonium hydroxide on the steam bath in an un- 
covered watchglass resulted in a practically pure blue residue. Thick layers of 
this blue material appeared red by transmitted light. The residue was taken 
up in O.lN HCl as a purple solution with an intense red fluorescence in ordinary 
light. The acid solution was made basic vnth sodium hydroxide and extracted 
with chloroform. The chloroform extract was blue by transmitted light and 
had an intense green fluorescence. By extracting the chloroform solution with 
0.1 HCl and evaporating to dryness, a blue glassy solid was obtained. This was 
considered to be the dihydrochloride as reported by Salway. When the eserine 
blue was extracted from sodium bicarbonate solution by continuous extraction 
with chloroform and precipitated by the careful addition of petroleum ether, a 
green amorphous powder was obtained. 

An electrometric acid-base titration of eserine blue gave a curve showing that 
the compound absorbed two equivalents of acid for its empirical formula and the 
curve had two inflections, at approximatelj’' pH 5 and 9. The solution of eserine 
blue showed a strong red fluorescence in acid solution below pH 4-5. Eserine 
blue in water was reduced by sodium hydrosulfite to a practically colorless sub- 
stance; the blue color returned when air was bubbled through the solution. The 
reduced solution gave no color reaction vnth ferric chloride. 

The determination of the molecular weight of eserine blue was planned, since 
only the empirical formula of CitHjsOjNj was given by Salway. However, the 
material proved to be insoluble in most common media, including camphor and 
ethylene dibromide, making a determination of this property inconvenient. 

There is some difference of opinion about the mechanism of formation of 
eserine blue (11, 14). Since we were able to convert pure rubreserine to eserine 
blue by evaporation to diyncss with NH 4 OH, rubreserine is considered to be a 
precursor of the blue substance. 



368 


SYDNEY ELLIS 


Esenne brown, Eserine brown is not a single chemical compound. It is the 
end product of the decomposition of physostigmine, and forms when physostig- 
mine, eseroline, rubreserine, or eserine blue are heated in substance or in water}* 
solution, or when they are allowed to stand in alkaline solution. Eserine brorni 
is slightly soluble in water and alcohol, only very slightly soluble in acetone, and 
insoluble in ether. It dissolves to a reddish-brown in alkali and some of the 
brown material precipitates when the solution is acidified. As the decomposi- 
tion proceeds further the material turns bro\mish-black and becomes entirely 
insoluble in the common solvents. 

The melanin pigments obtained from adrenaline and tyrosine show* the same 
solubility properties. These melanin pigments are probably structurally closely 
related, since all appear to pass through an intermediary indole-quinone com- 
pound in the process of their formation. 

A solid amorphous preparation of eserine bro^vn was obtained by evaporating 
to dryness a brown acidified solution of decomposed physostigmine and washing 
the residue by suspending the material in O.IN HCl, centrifuging, and pouring 
off the supemate. The W'ashing w^as repeated. A similar w*ashing with acetone 
was repeated twice and the material dried over solid potassium hydroxide in a 
vacuum desiccator. 

Adrenoc/irome: Adrenochrome has previously been prepared by Green and 
Richter (15) by an enzymic method. The follow*ing procedure has given a prep- 
aration of this relatively unstable material in a fairly pure, solid form. 

One hundred milligrams of pure epinephrine® and 500 mgm. of dry silver oxide 
were suspended in 25 cc. of ethyl alcohol dried over drierite (CaS 04 ) and agitated 
for one-half hour by shaking or by a stream of nitrogen. The resulting dark 
red solution containing the adrenochrome and the reduced silver and silver oxide 
w*as filtered through very fine filter paper. The filtrate was evaporated at 
room temperature under reduced pressure. This gave a solid red residue which 
was stable enough to stand sealed under nitrogen for one w*eek with but slight 
decomposition. However, when this was exposed to air, the material turned to 
the insoluble melanin pigment wdth no soluble adrenochrome remaining after 
tw*o days. The adrenochrome in bicarbonate Ringer solution at about 4®C. 
retained its red color for more than a week. 

Adrenochrome in neutral solution is immediately decolorized by sodium bi- 
sulfite. Dilute solutions of adrenochrome and rubreserine are practically in- 
distinguishable in color. How*ever, w*hen a dilute solution of rubreserine in bi- 
carbonate Ringer is shaken with chloroform, the rubreserine is extracted and 
forms a low*er orange-red layer, w*hereas adrenochrome is not extractable by 
chloroform under similar conditions. This may serve as a qualitative test. 

2-lodoadrenochrome. 2-Iodoadrenochrome w*as prepared from epinephrine by 
the method of Richter and Blaschko (10) and purified by washing with 2% 
acetic acid and acetone. 

Evidence for the chemical structure of ruhresenne proposed in figure 1 . Massart 

‘ Dr.E. C.Kcndall of the Mayo Clinic, Rochester, Minnesota, generously supplied a very 

pUTC Eatnpic of epinephrine for this study. 
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et al (12) suggested that rubresenne might be an ortho quinone Chemical 
evidence m fa\or of their suggestion and supporting the structure i\hich \\e 
propose m figure 1 ^\as obtamed by observing the green color imparted by 
feme chloride to a reduced solution of rubresenne and the change to a reddish 
color on the subsequent addition of ammonia, a senes of reactions considered 
typical for an ortho quinone The characteristic test for qumones consistmg of 
an immediate decoloration of the neutral solution by sodium bisulfite 'was given 



WAVE LENGTH (IN 

Fig 2 Absorption SrECTRi op RnsHESEniNE A^D or 2 Iodoadrenocrrouz 
Kdbreserine Dissolved in Water 2 Iodoadbenochrome, in Aqtjeqos 
Dioxane 

by rubresenne and also by the oxidation products of adrenahne, nhich arc shown 
to be structurally related to rubresenne The pmk color returned on making 
the solution shghtly basic 

Since analogous ortho qumones contumng the N nicthyldihvdroindole group 
are known, it w as suggested by Dr L T Ficser that a comparison of the ultra 
violet and visible absorption spectra of rubresenne with those of known com 
pounds would give further e\adence for the structure of this compound This 
typo of evidence would show also which of the two possible ortho quinone stnic 
tures the compound actually contained The absorption spectra were obtained 
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through the courtesy of Dr. R. Norman Jones with an instrument (17) for ultra- 
violet absorption spectra which he modified by the use of a tungsten filament 
lamp as a light source for measurement at wave lengths greater than 45001. 

In figure 2 the absorption spectra of rubreserine and an iodinated oxidation 
product of adrenaline are shown. Rubreserine was dissolved in water and the 
2-iodoadrenochrome was dissolved in aqueous dioxane. 

The absorption spectrum of adrenochrome is shown in figure 3. Since the 
sample used was not entirely soluble (some melanin had formed on standing) 



2000 3000 4000 5000 6000 


WAVE LENGTH (IN A) 

Pig. 3. Absorption Spectrum of Adrenochrome. Solvent, Water. Intensity = 
Log of Optical Density ^Loo X Dilution Factor 


the graph was drawn on an intensity scale depending on fractional dilutior] 
rather than absolute concentration. The absorption spectrum was obtained 
with water as the solvent. 

The absorption curves of these compounds are of the same type, and the 
positions of the maxima at about 3000A are practically coincident. This ab- 
sorption peak at 3000l is significant in view of the ultraviolet absorption bands 
of physostigmine reported by Brustier (18), who found an absorption band at 
2783 8-3370 9 with its peak at about 3000A. The absorption of the com- 
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pounds m the visible range does not agree as ^\ell, but the wave length of maxi- 
mum absorption of adrenochrome in this region is almost identical %vith that of 
rubreserme In this connection it is interesting that Mazza and Stolfi (19) 
reported that visible absorption of the pigment hallochrome, which is N methyl 
2 carboxy dihydromdole 5,6-quinone, shows a maximum at 4600A, which is m 
agreement wuth that of 2 lodoadrenochrome, an analogous compound with an 
iodine atom in place of the similarly heavy carboxyl group 

The red pigment obtamed by Amow (20) from human red hair with an absorp 
tion maviraum at about 5800A may be similar in structure to the dihydro mdole 
qumones reported in this paper This would certainly be of interest m the 
general problem of pigment formation in the body which is thought to make 
melanin substances from tyrosine or adrenalme 

The anticholmesterase actmty of rubresenne and eserme blue on the horse 
serum enz 3 nne or in biological preparations is descnbed m detail m the previous 
paper of this senes (3) 

Waelsch and Rackow (21) reported that some of their preparations of adreno 
chrome markedly inhibited serum cholinesterase in vitro in concentrations as 
low as 10“* molar (approx 1 50,000) In some prehminary studies we found no 
evidence for inhibition of chohnesterase using pharmacological methods Thus, 
the leech muscle was not sensitized to acetjlchohne below a concentration 
(1 1,000) which m itself caused activity m the leech muscle, nor was the frog’s 
rectus abdommis sensitized The isolated frog heart responded to adrenochrome 
m concentrations as high as 1 10,000 with \ery slight increases m rate and 
amplitude In the isolated rabbit gut a concentration of 1 300,000 w as suflB 
cient to suppress the spontaneous activity and this action was reversible by 
washing 

Although there is sinking similantj m the chemical structures of rubresenne 
and the oxidation product of epmephnne, none of our results are indicative of 
cholinesterase inhibition by adrenochrome m the biological systems studied 

SUMMART 

1 Methods are descnbed for the preparation of eseroline, rubresenne, esenne 
blue, esenne brown, and adrenochrome 

2 Rubresenne is shown to contam a substituted 2,3 dihydromdole 5,6 
qumone group and thus to be structurally related to adrenochrome, the oxida- 
tion product of epinephrine 

3 The absorption spectra in the range 2200-6000A of rubreserme, 2 lodo- 
adrcnochrome, and adrenochrome are reported The spectra are similar m that 
each has a maximum at about SOOOA and another absorption peak in the range 
of 4900 540oA 

I am very grateful to Dr Otto Krayer for his encouragement and helpful 
cnticism in the course of this work Dr R Norman Jones was \cry generous 
in obtaining for us the absorption spectra reported m this paper 
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The success of sulfanilamide and its derivatives in the field of bacterial chemo- 
therapy has stimulated investigators to inquire into the biological mechanisms 
which are involved in their specific action (1,2, 3). These studies deal with the 
relation of general chemical structure to specific physico-chemical properties of 
the compounds and with the relation of the latter to antibacterial activity. It 
must be appreciated, however, that the in vivo activity of such an agent is also 
dependent upon those properties of the organic complex which condition its 
physiological disposition. The latter properties determine the ability of a com- 
pound to reach a locus of action in the body, the concentration which it achieves 
at that locus, and the duration an adequate concentration is maintained. A 
fair amount of information is now available on the absorption, distribution and 
excretion of many commonly used sulfonamides (4, 5, C, 7^ 8, 9, 10, and others). 
However, the number of compounds studied is inadequate and the experimental 
preparations too diverse for general conclusions to be reached on the relation 
between the chemical structure of compounds in this series and the details of their 
physiological disposition. 

The present report contains the results of rnvesUgations on the distribution 
and excretion of thirty compounds related to sulfanilamide, Obsen’ations have 
been made on the distribution of each of these in the body as a whole, as well as 
in specific tissues, and on the ability of each to pass the normal blood-brain 
barrier, to participate in a specific cellular activ itj^ as represented by renal tubular 
excretion and reabsorption, and, finally, to form reversible combinations with 
the non-diffusible constituents of plasma. An attempt is made to correlate 
these properties with the chemical structure of the compounds. 

ExPEniMENTAD Cats, averaging 2 5 Kilograms, ^^cre used m the distribution studies 
Light anesthesia uas produced by the intrapentoneal adinimatration of minimal amounts 
of nembutal The abdomen was opened, both kidneys isolated, and the renal pedicles 
securely ligated The abdomen was then closed by sutures An exactly weighed amount 
of the sulfonamide under examination was dissolved in warm saline and administered by 
intravenous injection. The body temperature of the animals was maintained at a normal 
lev el in the short experiments by the use of a heated blanket and, in the longer expenments, 


* This investigation has been aided by a grant from the John and Mary R MarUe Founda- 
tion A summary of the results of these investigations was presented at a Conference on 
Sulfonamides on April IC, 1943 (2) 
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by the use of a warmed cage. The animals in the latter experiments were usually conscious 
and in good condition in 24 hours. 

Blood samples were drawn by intracardiac puncture one hour after the administration 
of the sulfonamide and just prior to the termination of the experiment. Blood was drawn, 
using oxalate as an anticoagulant, and the samples centrifuged immediately. The sepa- 
rated cells and plasma were refrigerated until they were prepared for analysis. The animals 
were sacrificed by exsanguination. Cerebrospinal fluid was withdrawn from the exposed 
cisterna by a syringe and needle. Samples of tissue were then removed and placed in 
covered weighing dishes. The procedure, from the last blood sample to the removal of the 
tissue samples, was usually accomplished in less than 15 minutes. 

The excretion studies were performed with three normal, well-trained female dogs. The 
dogs were maintained on a standard dog chow diet, but were not fed on the morning of the 
experiment. Each experiment was started by the administration of 40-50 ml. of w’atcr per 
kg. by stomach tube and the subcutaneous injection of 200 mg. per kg. of creatinine. These 
procedures assured an adequate diuresis and a plasma creatinine of 15-20 mg. per cent 
which were sustained throughout the period of observation. The sulfonamide was ad- 
ministered subcutaneously at the same time as the creatinine, in a dosage calculated to 
produce a plasma concentration of about 5 mg. per cent. Each experiment consisted of 
3 or 4 urine collection periods of from 10-15 minutes each, with a blood drawn at the mid- 
period. The first period was started 45 minutes after the administration of the water, 
creatinine and the sulfonamide. The experiments were pliymcd so that each dog had a 
rest period of not less than three days between observations. 

Methods. Sulfanilamide and its related compounds were determined in protein-frcc 
filtrates of tissues and the various biological fluids by the method of Bratton and Marshall 
(11). A departure from the recommended procedure was found to be necessary in several 
instances. Metanilamide, sulfanilic acid and the N^-suIfanilyl sulfanilic acid required 
additional hydrochloric acid for complete diazotization. Orthanilamidc required a longer 
time than is usual for thq completion of both diazotization and coupling. 

The plasma was prepared for analysis by the precipitation of plasma protein w'ith tri- 
chloracetic acid at a dilution of 1-40. The red blood cells were first hemolyzed in water 
and the protein-free filtrates then prepared in a similar manner. The tissue samples were 
first weighed and then ground with washed silica, the tissue protein being precipitated at 
a high dilution of the tissue by the use of trichloracetic acid. They wore extracted for 
thirty minutes with gentle agitation, then centrifuged, and the supernatant fluid cleared 
by filtration. The urines, in the excretion studies, were diluted with 3 per cent trichlorace- 
tic acid so that the final concentration of the sulfonamide was approximately the same as 
that obtaining in the plasma filtrates. 

Recoveries were performed on each of the sulfonamides in the presence of water, plasmn 
red blood cells and tissues. All compounds were recoverable from plasma to the extent 
of 96 per cent or better when the plasma was precipitated in a dilution of not less than MO 
Recoveries of some of the sulfonamides from erythrocytes were not very satisfactory. The 
acyclic derivatives of sulfanilamide and the simple allied compounds were recoverable 
to an extent of 90 per cent or better. Recoveries of the N*-isocyclic derivatives were poor, 
varying from 50 to 80 per cent of the amount added. The heterocyclic derivatives yielded 
recoveries of 90 per cent or better for sulfapyridinc, sulfadiazine, and sulfamothyidiazinc 
but only 70 per cent for sulfathiazole and sulfamcthylthiazole. Recoveries from all other 
tissues were better than 90 per cent with the exception of orthanilamidc and the N*-carboxy- 
phenyl derivatives of sulfanilamide. The distribution ratios in Tables 3 and 4 which arc 
marked with an asterisk contain a correction for the incomplete recovery of the sulfon- 


amiac, , . . i /•i. * 

Creatinine was determined by a modified Folin procedure on tungstic and filtrates oi. 
plasma prepared to a 1-20 dilution, and on urine diluted eo tliat the creatinine concentration 

was essentially tlmt of the plasma Hltrate (12). 

The extent o! binding of each of the sulfonamides on the non-dilTusiblc constituents oi 
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plasma was determined by dialysis against isotonic salt solution at pCOi 38 mm , T ST'C 
Cellophane membranes were used in most cases although a few determinations were made 
with parlodion Normal dog plasma was used, and the bound fraction in each determina 
tion was corrected to that which would obtain at a plasma albumin of 4 00 grams per 100 ml 
of plasma An examination of thirteen of the sulfonamides was also made using cat plasma 
The extent of the binding of the compounds studied was m the same order of magnitude as 
was observed with normal dog plasma 

Results* Tables 1 and 6 present the essential data of expenments which 
define the distnbution of sulfanilamide in the cat and its renal excretion by the 
dog These are presented in detail since they illustrate the two general types 
of experiments used in these studies and the methods used m the calculation of 
the data 

Studies on distnbutton The data contamed in table 1 are denved from an 
experiment which examines the distribution of sulfanilamide two hours after its 
intra\enous administration The expenment is quite typical of the series as a 
whole insofar as distribution equilibrium appears to be approximated m one hour 
smee the plasma concentration of sulfanilamide at that time is much the same as 

TABLE 1 

An experiment which examines the distribution of su^anifamiefe tn the cat 
9 25— Nembutal, kidneya ligated 10 (Xh~27 8 mg /kilo aulfanilamide I V (wt 2 95 
kilos) 11 00— Bj pJasma— 2 89 mg percent 12 00— B» plasma— 2 fiS mg percent 

Tissue samples Calculated volume of distribution = ^3000 ml or 96 5 per cent body 
weight 


FLASUA 

co'iczimA-noN uo /lOO to. (ox cus ) 

TISSUE COtfCENTXATlO’* (MC /lOO C ) 

7tAS>lA CONCENTXATIOV (MC /lOO MU /O 9jj 

1 KBC 

Miucle 

CSF 

Brxtn. 

RBC 

1 Muscle 

CSF 

Bralo 

2 68 

4 32 

3 03 

2 11 

2 01 

1 50 

1 07 

0 73 

0 70 


at the end of the two hour mterval These data mdicate that sulfanilamide 
diffuses readily mto all tissues and is localized m the cells of many (5, 13) This 
conclusion stems from the findmg that the \ olume of distribution of sulfanilamide 
IS m excess of the water content of the body and that the ratio of the sulfamlamide 
concentration m any tissue to its concentration m plasma water is greater than 
13 true for water itself (14) Were sulfamlamide freely diffusible throughout the 
body and not specifically localized in any tissue, its volume of distribution would 
be in the order of 65 per cent of the body w eight and the tissue/plasma distnbu 

* We wiah to expreaa our thanks to those who generoualy supplied ua with the sulfon 
amides used m these investigations N> ammo sulfamlamide was obtained from Dr E 
K Marshall, Jr , Department of Pharmacology, The Johns Hopkins University College 
of Medicine, N*-€thanol and N* hydroxy sulfamlamide from Eh Lilly Company, N* 
methyl and N* ethyl sulfamlamide from Winthrop Chemical Company, Iv‘ acetyl suj 
famlamide from Schering Corporation, sulfanilyl sulfamlamide from Alba Pharma 
ceutical Company, NM ammo phenyl sulfamlamide from Dr G L Webster, University 
of IlImoiB College of Pharmacy, N' phenyl sulfamlamide from The Upjohn Company, 
aulfamcthylthiazolo from The Squibb Institute for Medical Research, and the remainder, 
from the American Cyanamid Company 
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tion ratios would be considerably lower than those which were obser\^ed. On 
the other hand, if the sulfanilamide were largely retained in an extracellular 
position it would have a volume of distribution in the order of magnitude of 25-30 
per cent of the body weight (15, 16) and its distribution ratios would be similar 
to those of sodium or chloride. The latter figure, in the case of muscle, would be 
in the range of 0.11-0.12 (16). The presence of sulfanilamide in a relatively high 
concentration in the cerebrospinal fluid is in keeping with the observations of 
others (5) and indicates that the compound penetrates the blood-brain barrier 
quite freely. The absence of a concentration which is identical to that of plasma 
is due in part to the factor of plasma binding and possibly in part to the rate of 
turnover of cerebrospinal fluid so that a complete equilibrium is not reached. 

It will be of some value, before proceeding further, to examine some of the 
potentialities and limitations of the experimental preparation. The ligation 
of the renal pedicles makes available a reasonably normal animal, in which the 
compound under study is contained in a closed system. It is to be expected 
that a dynamic equilibrium will be established between the concentration of the 
substance in the fluid of reference, i.e., plasma water, and its concentration in 
the other compartments of body fluid. The eliminatioti of renal excretion may 
be expected to facilitate the prompt attainment of diffusion equilibrium and to 
stabilize the equilibrium concentrations which are achieved. 

A change in the plasma concentration of a substance subsequent to the attain- 
ment of an initial equilibrium under these conditions is an indication that a 
change in the chemical structure of the compound has occurred, or, that there 
has been a change in the biological activity of some of the large groups of cells 
in the body. The latter of these two factors need not complicate the interpreta- 
tion of the data in such a situation since it may be excluded by properly planned 
experimental procedures (c.f. 13). It is to be expected that the free aiyl amino 
groups of the sulfonamides will become progressively conjugated in the cat. 
This change in chemical structure will produce a general lowering of the concen- 
tration of the parent substance in the plasma and in all tissues. It is not ex- 
pected to change the plasma/ tissue distribution ratios of the parent compound 
since such conjugated products are excluded in the chemical analyses. How- 
ever, insofar as a chemical modification does occur, it would be surprising if the 
resulting substance were characterized by a distribution in the body which is 
identical to that of the parent compound. It should be possible, then, to use the 
preparation in a limited fashion in the exploration of the extent to which a change 
in chemical constitution occurs subsequent to the introduction of a compound 
into the body, to follow the rate of the change, and, in certain cases, to obtain 
some indication of the nature of the chemical modification. The use of the dog 
in these experiments would have simplified the experimental conditions since 
this species does not acetylate compounds of the present series to any considerable 

extent. , , 

The experiments which have been used to describe the distribution of this 

series of compounds in the body are limited to those of two hours’ duration. 
This interval is ample for the establishment of a stable diffusion equilibrium 
within the body, but is too short for an extensive change in the chemical struc- 
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ture of the compound under investigation. It must be appreciated, in consid- 
ering the data presented below, that a precise definition of the distribution of 
each compound has not been achieved. The magnitude of such a problem in the 
case of a single compound is not small. Eeference to the studies of recent years 
on the distribution in the body of such substances as sodium, potassium and the 
halogens (16) will serv'e to fortify this view. Moreover, it must be appreciated 
that the data which indicate that a compound enters a cell or organ yield no 
information on the state of the material so contained, or, on the actual concen- 
tration ratio of the substance across the cell membrane, i,e., the concentration 
relationships in extra- and intracellular water. It is not unlikely that a consid- 
erable proportion of the specific solute within a cell reacts with cell constituents 
in such a manner that a portion is removed from free solution in intracellular 
water. 

Tables 2, 3 and 4 present a sumipary of the distribution data on the compounds 
examined. Each value represents the average of at least two experiments. 

The distribution data on a series of acyclic derivatives of sulfanilamide and a 
series of closely allied compounds are summarized in table 2. It is apparent 
that the addition of non-polar groups in the position of the sulfanilamide 
molecule does not drastically affect the distribution of the compound as compared 
to sulfanilamide itself. The resulting substances penetrate cell membranes of 
all tissues and, in addition, are localized within the contents of most cells. The 
N*-raethyl and the N> -ethyl appear to enter cerebrospinal fluid more freely than 
sulfanilamide itself. However, the latter substance passes the blood-brain 
barrier so readily'that the difference is not striking. The N*-hydroxy, N*-amino, 
and the N ‘-ethanol derivatives unquestionably show an impairment in this 
ability wliich is quite striking in the 'case of the sulfanilyl guanidine. The data 
on the N‘-hydroxy are not very satisfactory since a fairly rapid reversion to 
sulfanilamide is to be expected and consequently an eventual distribution in the 
body "which is characteristic of the latter substance. 

However, when strongly acidic groups are added in the N‘ position quite a 
different finding is the rule. The N’ -acetyl derivative of sulfanilamide and 
sulfanilyl glycine have a distribution which is quite similar to that of sulfanilic 
acid, as given below. This circumstance presumably follows from the fact that 
they are organic acids with a strength of the same order of magnitude as sul- 
fanilic acid. This appears to be reflected in the degree to which all three com- 
pounds are excluded from cerebrospinal fluid and to some extent from cellular 
water in general. However, the correlation betw'een overall distribution and 
acidic strength is not very precise, as may bo seen from an examination of the 
last two columns of table 2. Inspection of specific tissues, particularly muscle 
V8, cerebrospinal fluid, lends support to the belief that the distribution across 
the normal blood-brain barrier is determined in part by unspecified but general 
characteristics of a molecule as well as by the charge carried on a specific group 
or its tendency to dissociate a hydrogen ion. An example of the operation of the 
former factor in the series of compounds is found in the low CSF/plasma ratio 
of sulfanilyl guanidine. 

The data on paraminobenzoic acid are particularly worthy of note. One would 
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TABLE 2 


Summary 0 / ohservaiionB on the dislrihution in the cat of a series of N^-acyclic derivalhcB 
of sulfanilamide and a series of simyle compounds closely allied to sulfanilamide 
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TABLE 2 — Conlitiued 



ItatlO USSUE CONCtHTlAIlON (no /lOO 0 ) 




riASUACOHCrNKATIO'l (itO /lOO UL /O 93)| 



intE 

5> 

a 

n 

s 

1 


1 

b 

X 

3A«K 

DISTKIBtJ 

pKa 










% My 
v>e tht 


2 

0 03 

o 

o 

ca 

0 65 

0 47 

0 29 

0 2i 

0 11 


28 7 

3 20 

24 

0 03 

0 04 

0 62 

0 57 

0 36 

0 29 

0 13 




2 ‘ 

0 64 

0 32 

0 47 

0 57 

1 66 

0 29 

0 40 

0 42 

51 4 

4 6S 

48 ' 

0 03 

0 10 

0 55 

0 61 

0 83j0 35]0 19j0 58 




o 
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SOsOH 

COOH 


• Very weak 


expect, from inspection of the molecule and the pKa value of the carboxyl group, 
that its distribution would not be very different from the distnbution of 
aulfanilylglycme or, perhaps, that its distribution would be midway between the 
latter compound and the acetyl derivative of sulfamlamide The correlation 
18 not too bad in the case of the volume of distnbution and the tissue/plasma 
distnbution ratio of muscle However, it diffuses into cerebrospinal fluid quite 
as easily as sulfanilamide itself It should be emphasized, takmg parammo 
benzoic acid as a specific sample, that a tissue/plasma distnbution ratio is not 
necessanly an expression of the concentration ratio across the cell membrane 
Assummg that this substance is of importance to the economy of the In ing cell, 
it would be surpnsmg were it not localized within the cell m a manner which 
makes some of the cellular paraimnobenzoic acid unavailable for conditioning 
ita rate of diffusion 

It IS also of some mterest to note that the N* acetyl denvative of sulfamlamide 
has less restriction imposed on its distnbution m the body than when the acetyl 
IS in the position A simple explanation of this circumstance may be that the 
acetyl is the weaker acid However, the divergence in distnbution of these 
compounds m the body as a whole and their distribution across the blood bram 
barrier suggests that other factors than acidic strength may operate in restnctmg 
the diffusion of these compounds m the body 

A summary of the distnbution of tw elve isocyclic den\ atives of sulfamlamide 
is given in table 3 Agam, the presence or absence of a reasonably strong acidic 
group appears to be important m detenmnmg the ability of a substance to pene 
trate cell membranes m general, as evidenced by the volume of distribution of a 
compound m relation to the value of its plui However, the situation with 
respect to these compounds is not as simple as w ould appear from the data A 
modification of the molecular structure of sulfanilamide to mclude a substituted 
or non substituted additional benzene rmg throws into prominence the abditj 
of the non*diffusible constituents of plasma to form reversible combmations with 
the resultmg compounds (see Tables 7, 8 and 9) It would be apparent, were a 
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TABLE 3 

Summary of ohservalions on the distribution in the cal of a series of N^'-isocyclic derivatives 

of sulfanilamide 
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correction made for this factor, that the tissue concentrations of the strongly 
acidic compounds of this series are somewhat in excess of that which would obtain 
were they restricted to an extracellular position, and that the concentrations ot 
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the others of this senes are exccedinglj high as compared to their concentration 
in extracellular ^\ater The data on the N* phenyl, the N* amino phenjl and 
the N‘ sulfonamido phenyl deruatues indicate a verj extensive localization of 
each Tsathin the cells Ho^\e\ er, the distribution of these substances across the 
blood bram barrier emphasizes the specific characteristics of the barrier nhich 

TABLE 4 


Summary of obsenattons on the dislnbultontn the cat of o senes of iV* keterocyeUcderivatiiet 
of avlfantlamide 

-o SOjNH— R 



normally sets cerebrospinal fluid and the interstitial fluid of the brain apart from 
the interstitial fluid of the other organs of the bod) 

The data on the distribution of a series of N* heterocj clic derivatives of 
sulfanilamide are summarized in table 4 The degree to which each of these is 
bound on plasma protein is also important in considering the data on their dis 
tribution The order of magnitude for each of the fiv e is 30 per cent for sulfa 
pyndme, CO per cent for sulfathiazole, 80 per cent for the 4 rneth) 1 sulfathiazole 
(sulfaraethjlthiazole), 20 per cent for sulfadiazine, and 40 per cent for the 4 
methyl sulfadiazine (sulfamerazme) It is possible to conclude, \nth this inf or 
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raation, that localization occurs within the tissue cells in the case of sulfapyridine, 
sulfathiazole and sulfamethylthiazole, whereas sulfadiazine and sulfamerazine 
are distributed more as if they freely penetrate most cell membranes, but are not 
specifically localized within the cells. The spread in the dissociation constants 
in the series is not great, and over this limited range there does not appear to be 
any important correlation between them and the distribution of the compounds. 
It is apparent from these data that the normal blood-brain barrier has specific 
characteristics which set cerebrospinal fluid and interstitial fluid of the brain 
apart from the interstitial fluid of the other organs of the body. The ability of 
the compound to enter the former compartment of fluid appears to depend not 
only upon its acidity, i,e., its tendency to dissociate a hydrogen ion, but also upon 
the other more general properties of the molecule related to its molecular con- 
%uration. The latter property is particularly apparent in the case of the iso- 
cyclic derivatives of sulfanilamide of which the N^-phenyl sulfanilamide and the 
sulfanilyl sulfanilamide are good examples. Both of these compounds have a 
relatively high pKa and both are vddely distributed in the tissues of the body as a 
whole. However, they appear to be unable to enter cerebrospinal fluid to an 
appreciable degree. Further examples of the operations of this factor are found 
1 the data on the distribution of both the acyclic and heterocyclic derivatives. 
"Tony of these appear to be impaired in their abilit 3 ’^ to cross the blood-brain 
barrier out of proportion to their acidic strength as represented by their pKa 
lvalues. It mo^y be noted that the brain/plasma ratios follow veiy closely those 
3f the cerebrospinal fiuid/plasma ratio. This finding is in keeping with the view 
that the chemical composition of the interstitial fluid of brain tissue is inore 
dmilar to that of cerebrospinal fluid than to that of plasma water (17, 18, 19, 20 
ind others). Similar findings were observed with many of the compounds when 
the spinal cord was examined. However, the data on the latter tissue are too 
Jew to warrant separate presentation. 

As noted above, a change in the distribution of a compound in the body subse- 
quent to the attainment of an initial equilibrium is probably indicative of a 
change in the chemical constitution of the administered material. An example 
of such a change in distribution is given in table 5. These data summarize the 
experiments on the distribution of the N^-ethanol derivative of sulfanilamide. 
The initial distribution of this compound in the body is quite similar to that of 
sulfanilamide (table 2), However, a change in distribution is already apparent 
at 5 hours and this is almost complete at 24 hours. The distribution at 48 hours 
is quite similar to that of sulfanilylglycine. It is not possible to conclude from 
these data that the chemical transformation is in fact an oxidation of the alcohol 
to the acid, although this does seem quite possible. A somewhat similar change 
was observed in the case of N^-ethanol N*-phenyl sulfanilamide (table 3). Other 
striking changes are found in the data on the N^-acetyl sulfanilamide and sulf- 
anilyl guanidine. The latter two changes suggest a simple loss of the sub- 
stituent However, the most important implication of the data as a whole is 
that many compounds in each of the general classes studied undergo some chem- 
ical modification exclusive of the acetylation of the N<-nitrogen. 
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Studies on renal excretion The o\eraU renal excretion of each compound nas 
studied in experiments such as that summanzed m table 0 The experiments 
made use of cxpenmental techniques iihich permit a general description of the 
renal mechanisms m\oKcd m the excretion of a compound The underlying 

TABLE 5 

A iludy of Oe change tn dtsIn&uRon of aryl amtne subsequent to the admtmstraUon of 
ethanol aulfantlamide 

The data for the 2, 24 and 48 hour time intervals represent the mean of two or more ex 
perimcnts The data on sulfanilyl glyoinc is presented for comparison with the distnbu 
tion obtaining 48 hours subsequent to the administration of N* ethanol sulfanilamide 
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An experiment trbicft examines ike renal excrelton of snlfanxlamide 
DogK 


— 45— 800 ml water per os Creatinine 200 mg /k subcut sulfanilamide 7o mg /k 
Bubcut — 00 — Bladder emptied 4 collection periods 16 minutes each Bloods at 
mid period 


FEBIOD 

1 CaEATOJIMI j 

CLOUT lU 
LAB 

FILTBA 1 

nOK BATE 

1 SULPANILAUIDS 

CLCAX 

ANC£ 

KATIO 

EXC*E 

TIOH 

*ATIO 

Plasma 

Exete^ 

^ tion 

Plasma 

Pksma 

(filter 

able) 

Filtered ' 

Excreted ' 

^*bed 


mi /ml 

mg jm n 

ml /m n 

ml /ml 

mi /ml 1 

mt/mn 

mi/m M 

ml /m n 



1 

0 144 

6 82 

47 4 

0 039 

0 035 1 

1 66 i 

0 39 ; 

1 27 

0 21 

0 23 

2 

0 150 

6 92 1 

46 1 

0 045 , 

0 041 j 

1 89 : 

0 44 

1 45 i 

0 21 

0 24 

3 

0 ISO 

7 32 

48 7 

0 051 ^ 

0 045 

2 19 1 

0 55 

1 04 ; 

0 23 

0 25 

Mean 


47 0 






0 22 

0 24 


principles are simple Glomerular filtration rate is measured following the admin 
istration of creatinine, the rate of glomerular filtration in milliliters per minute 
being equal to the dn idend of the milligrams of creatinine excreted per minute 
and the plasma concentration of creatinine in milhgrams per milliliter (21, 22, 23, 
24) Glomerular filtration rate so determined wds calculated to be 47 4 milli 
liters per minute m the first penod of the experiment summarized in table 5 
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' The data on the excretion of sulfanilamide, obtained simultaneously, may be 
manipulated as follows: The plasma concentration of sulfanilamide during this 
period was 0.039 mgm. per ml., 90 per cent of which is in a filterable form. At a 
glomerular filtration rate of 47.4 ml. per minute, it may be calculated that 1.66 
mgm. of sulfanilamide was filtered each minute. However, since the concurrent 
renal excretion accounts for only 0.39 of the 1.66 mgm. filtered each minute, one 
must conclude that 1.29 mgm. of filtered sulfanilamide were reabsorbed in the 
renal tubules. The calculation throws little light on the mechanism of the re- 
absorptive process. However, the ratio of the amount filtered to the amount 
excreted, in this case 0.23, yields a figure which is characteristic of the excretion 
of the compound by the average nephron under the conditions of the experiment. 
This ratio, which we designate the excretion ratio, is a useful datum in the study 
of the renal excretion of a series of allied compounds. 

Another ratio which may be calculated from the data, and which does not 
include a correction for the factor of plasma binding, is the sulfonamide/creati- 
nine clearance ratio. The latter ratio is important in the definition of the overall 
renal excretion rates of compounds, but is less useful in indicating the mechanism 
by which such excretion is accomplished. 

The conclusion that sulfanilamide is reabsorbed to a considerable extent is 
contingent on the demonstration that essentially all of the plasma sulfanilamide 
is filterable at the glomerulus. Such a circumstance does not hold for many of 
the compounds which have been examined in the present study. However, the 
excretion ratio, containing as it does a correction for the factor of plasma binding, 
makes available a corrected ratio which, theoretically, is a rather precise expres- 
sion of the degree to which a substance is reabsorbed or actively excreted by the 
renal tubules. It has two limitations. The ratio gives limited information on 
the nature of the physiological mechanisms involved and it is quite sensitii^e to 
errors in the case of substances which are extensively bound on plasma protein. 

Precise information on the underlying mechanisms which are responsible for 
renal tubular reabsorption or excretion can be obtained by varying the experi- 
mental procedures. However, as is the case of studies on distribution of com- 
pounds, a quantitative definition of the renal mechanisms involved in the 
excretion of a single substance is a task of major proportions. This viewpoint 
can perhaps be best appreciated by reference to studies on the excretion of inulin 
and creatinine (21, 22, 23, 24), urea (25, 26), glucose (12), and phenol red (27). 
These studies were also performed in the dog and in the case of each substance 
define its excretion in terms of the discrete renal mechanisms which are involved. 
The data detailed below are in the nature of a general surv^ey of the excretion of 
compounds related to sulfanilamide. Extraneous factors were minimized by 
adhering to rigidly standardized experimental conditions. These include a state 
of moderate diuresis, and a plasma concentration for the substance under exam- 
ination in the order of magnitude of 5.0 mgm. per cent. All observations were 
made within 90 minutes after the administration of the compound. 

It may be accepted in the following that an excretion ratio of 1.0 is indicative 
of a situation wherein the renal tubules do not participate in the excretion of a 
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compound to a measurable extent As the ratio falls progressn elj below 1 0, 
it IS indicative of a progress^ e increase m the reabsorption of a compound in the 
renal tubules A ratio above 1 0 is indicative of tubular excretion, the extent of 
which IS reflected in the value of the excretion ratio Tubular excretion, m the 
case of this senes of compounds, is presumably b> an active process which specif 
icallj extnides the material into the lumen of the tubule (28) The o% erall rate 
of excretion of a compound m the latter case is equal to the sum of its rate of 
filtration at the glomerulus and its rate of secretion bj the tubules 
A summary of the observations on the renal excretion of the compounds studied 
IS given m tables 7 to 9 Each value is the mean of several experiments per 
formed on at least tw o dogs Information is given on the creatmme clearance 
ratio which desenbes the overall rate of renal excretion, the fraction of the sulfon 
amide which is filterable from the plasma at a normal concentration of plasma 
albumin (c f 3), the pKa of the compound (c f 1), and its excretion ratio 
The addition of a relatively non polar acyclic substituent to the sulfonamide 
complex maj enhance or depress the excretion of the resulting compound to a 
vanable extent (table 7) Such changes m excretion are largely the result of a 
change in the extent to which the compound is reabsorbed, smee this class of 
compounds does not appear to be bound extensi\ ely on plasma protein How 
e\er, when a stronglj polar group with acidic properties is added, it maj convert 
the compound mto one which is actively secreted bj the renal tubules as is the 
case woth sulfanilylglycine and the N* acetjl derivative of sulfamlamide 
It does not appear, however, that any generahzation may be derived from 
these data since the results are not vvhollj consistent w ith the mformation ob 
tamed on a senes of simple compounds allied to sulfanilamide It is apparent 
from the latter data that sulfamlic acid is reabsorbed to a slight extent and a 
similarly strong organic acid, parammobenzoic acid, is reabsorbed to a consid 
arable extent The excretion data on parammobenzoic acid are particularly 
interesting m that it has a dissociation constant which is midway between that 
of sulfanilyl glycine and the N* acetjl derivative of sulfanilamide However, 
parammobenzoic acid is reabsorbed to an extent which suggests the intervention 
of an active tubular process whereas sulfanilyl glycme and the N‘ acetjl denva 
tiv e of sulfanilamide are both activ ely excreted bj the renal tubules 
Other data in table 7 are of interest in that thej indicate that metanilamide 
and orthanilamidc are handled by the renal nephron in a manner which is quan 
titatively similar to that of sulfanilamide itself This would indicate that the 
position of the substituent groups is of little importance in determming the ex 
cretion of the members of this farmij of three as it was of little consequence in 
determining their distribution in the bodj It is of some mterest to note that 
whereas the N* acetyl derivative is activelj excreted, the acetjl derivative is 
more or less excluded from participating m renal tubular processes within the 
nephron (29) It is abo w orthj of comment that ev en as the glj cme denvativ e 
of sulfanilic acid is actn elj excreted bj the renal tubules, so is the glj cme deriv a 
tive of parammobenzoic acid, i c , parammohippuric acid (30) 

The data on the renal excietion of some of the isocyclic denv ativcs of sulfanil 
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amide are summarized in table 8. It may be noted that such compounds are, 
in general, bound extensively on the non-diffusible constituents of plasma; that 
the N> phenyl is itself actively secreted, whereas the N>4-aminophenyl is re- 
absorbed to a considerable extent; that the sulfonic acid derivatives of N' phenyl 

TABLE 7 

Summary of observations on the excretion in the dog of a series of N^^acyclic derivatives of 
sulfanilamide and a senes of simple compounds closely allied to sulfanilamide 
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CLEARANCE 
RATIO ' 

PER CENT 
PLASMA 
SOLPOVAMIDE 

filterable 

excretion 

RATIO 


10.43 

mSM 

90 

mmm 

~CH, 

10.77 

mxM 

80 


— CHjCH, 

10.70 

0.11 

79 


—OH 


0.35 

88 


--NHj 

10.70 

0.43 

83 


— CH2CH2OH 

10.94 

0.63 

89 

0.71 

— C—NH-NHs 

* 

0.76 

94 

0.81 

— CH2COOH 


1.35 

92 

1.47 

—COCHj 


1.19 

87 

1.37 

Simple Allied Compounds 

H 2 N<^ ^ 

10.12 

0.17 

73 

0.23 

sOiNir, 

i 





10.12 

0.25 

89 

0.28 

N ^ 

SO2NH2 





0 CH 2 CHN<^ SsOjNHj 


0.67 

80 

O.Si 

y S. 

3.20 

0,89 

98 

0.91 

H!N<(' '>so,oh 





y 

4.68 

0.18 

93 

0.19 

H,N<' yCOOH 






* Very weak. 


sulfanilamide are actively secreted as are the carboxy derivatives; but that 
although sulfonamide derivatives are actively secreted when the nuclear sub- 
stituent is in the 3 or 4 position, this is not so with the substituent in the 2 posi- 
tion. There is also a suggestion that the position of the substituent group has 
some effect upon the rate of active transport in the group of sulfonic acid deriva- 
tives. The excretion ratio in this series increases progressively from 6 to 14, 
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as the nuclear substituent is rotated from the 4 to the 3 to the 2 position. The 
phenomenon is not apparent, however, in the case of the carboxy derivatives. 
It is not surprising to find that the position of a substituent may have an effect 
upon the extent to which a compound is bound on plasma protein or upon the 
rate of a biological process which invoh^es a series of chemical combinations 
(28). It is somewhat surprising that the position can determine whether a sub- 
stance is actively secreted or, as appears to be likely in the case for the sulfanilyl 
orthanilamide, actively reabsorbed. 

The excretion data on some of the important heterocyclic derivatives of 
sulfanilamide are summarized in table 9. The series is small, but the data con- 

TABLE 8 

Summary of observations on the excretion in the dog of a series of N^-isoeyelic derivatives of 
sulfanilamide 


23 


SOTStITOTNI 

t)Ka 

StrtrovAifreE 

CKEATIMNZ 

OXAKANCE 

HATIO 

l>£> CZKT rLASVA 
5Ul.rONAUII>£ 
rtlTEKAEU 

EXCIZTION 

lATlA 


0.60 

1.00 

2S 

3.90 

4-Nn, 

10.22 

0.36 

65 

0.55 

2-SO,NH, 


0.00 

10 

0.66 

3-SOiNH, .... 

8.23 

0.73 

38 

1.92 

4-SO,NH, .... 

7.85 

1.34 

56 ! 

2.39 

2-COOH .. . . 

3.85 

0.77 

1 

12 ! 

6.42 

3-COOH .. 

4.10 

1.84 

1 15 

12.26 

4-COOH.... 

4.05 

1.67 

34 

4.91 

2— SOiOH 

3.40 

2 22 

16 

13.90 

3-SO,OH ... 

3.35 

2 30 

24 

' 9.58 

i-SOiOU . 

3.40 

2.23 

34 

6.29 


tain several points of considerable interest. They indicate that sulfapyridine, 
sulfadiazine and sulfamerazine are reabsorbed to a considerable extent in the 
renal tubules, w’hereas sulfa thiazole and sulfamethylthiazole appear to be ex- 
creted by a process which is almost exclusively that of glomerular filtration. 
The latter conclusion follows from the values of the excretion ratios given in the 
last column of the table which, in the case of the thiazoles, approximate a value 
of 1.0. 

Reabsorption is considerable in the case of sulfamerazine, i.e., 4-methyl sulf- 
adiazine and, as in the case of paraminobenzoic acid, is in the order of magnitude 
A\hich suggests that reabsorption proceeds as an active tubular proca^s. When 
it is appreciated that such a diffusible substance as urea is only reabsorbed to the 
extent of some 40 per cent, at ordinary’ urine flows, then it would be surprising 
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if organic^ complexes of the size and shape of sulfamerazine and paraminobcnzoic 
acid are reabsorbed to the extent indicated without the intervention of an active 
process. 

Discussion. The study as a Avhole should not be taken as a definitive de- 
scription of the relationship between the chemical structure of these compounds 
and their physiological disposition. It is at best a survey indicating the worth- 
whileness of this approach to the problem. 

TABLE 9 

Summary of observations on the exeretion in the dog of a series of -heterocyclic derivatives of ' 

sulfanilamide 


HiN<^ ^SO;KH-Il 


—R 

' pKa 

KULFOJIAUIDE 

CBEATININi; 

CIXAVANCE 

RATIO 

l-ER CENT 
PLASUA 
SUtrONAUIDE 
FILTER ABLE 

EXCRETION 

RATIO 

C 

f 

8.44 

0.38 

C9 

0.65 

r 

s 

j 

1 

7.12 

0.40 

40 

1.00 

H,c— r 


1 

i 7.80 

0.25 

23 

! 1.00 

1 

N 






-r 



1 


<r 

N~ 

/ 

1 

0.48 

0.27 

83 

0,33 

H3C< 


7.00 

0.13 

01 

0.21 








It has been demonstrated that a change in chemical structure within this small 
series of compounds is accompanied by drastic consequences to those factors 
which together determine the physiological disposition of a compound. Were 
one to assume some common chemotherapeutic effect on the part of all com- 
pounds of the series, it is doubtful whether sulfanilic acid or compounds com- 
parable to it from the standpoint of distribution would be effective if the site of 
action was within the central nervous system, unless there was some change in 
the characteristics of the blood-brain barrier. This follotvs from the fact that 
compounds of the latter type are excluded from this compartment of the body 
by the normal blood-brain barrier. Similarly, one could reason that if it were 
desirable to obtain a temporary high concentration of one of these compounds 
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m the CKtracellular fluid compartment m order to accomplish a given end, then 
the compound of choice ould have propertic'i similar to suUaniUc acid, or suU 
aniljl sulfanilic acid This follows from the limitation imposed on the distnbii 
tion of the compounds together with their relatuclj high evcretion rates the 
latter largely determining the duration of the desired effect For longer action, 
one Mould select a compound with the lower excretion rate If one were not 
concerned with a limitation on the distnbution of a compound and wished an 
effect with considerable duration then one would select a compound such as 
sulfanilamide which has a lai^e \ oiume of distribution together with a low excre 
tion rate or a compound such as sulfamerazmc specificallj because of the low 
excretion rate 

In other words, there is some justification for the belief that it may ultimately 
be possible to limit both the theatre of operation of an acti\ e substance w ithm a 
senes as well as the duration of the effect pioduced through the proper modifica 
tion of chemical stniclure The data on the senes of sulfonamides examined 
do not lead one to suppose that this w ill be a simple procedure Whollj apart 
from the effect of a chemical change m fundamental activity of the resulting 
compound, at least two factors will be concerned wnth the distribution and excre 
tion The strength of acidic groups is one of these, whereas the other appar 
entlj relates to the molecular structure of the compound as a whole The latter 
factor IS difficult to define in terms of measurable entities at the moment, but is 
none the Ic^s important 

The results on the distribution of the compounds m the bodj are fairly con 
sistent in that the ability of a compound to pass a cell membrane appears to be 
governed in no small measure by the extent of Us dissociation at blood pH Those 
compounds with a high pKa arc permitted to enter the tissue cells quite freely, 
whereas those w ith a low pKa have in general a more restricted distribution In 
this respect, then, sulfonamides with some exceptions follow the accepted con 
cepts of permeability of cell membranes to organic electroljUes (30) 

The observations on cerebrospinal fluid offer additional evadence that the 
normal bamer between the blood and cerebrospinal fluid is a highlj selective 
one, and that the mechanism of formation of this fluid is not one of simple filtra 
tion It has been shown prev louslv in studies on the distribution of thiocyanate, 
bromide and iodide, that cerebrospinal fluid is formed not only at the choroid 
plexus but also by the passage of fluid and solute from blood into the extracellular 
fluid of the brain and then into the subarachnoid space (19 20) Tlie data are 
whollj consistent w ith the \ lew that normal brain tissue must be considered to 
be m equilibrium with a fluid having the characteristics of cerebrospinal fluid 
rather than the characteristics of plasma water The behavior of the normal 
blood brain barrier is quite different from that of the ordinary cell membranes 
m that the molecular configuration of a substance, apart from its acidic proper 
ties, seems to be important in determining the ability of a substance to gam 
entrance into cerebrospinal fluid and the interstitial fluid of brain substance 
The brain capillaries and their surrounding pia do not offer a satisfactorj ana 
tomical explanation of such selectivity 
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The relation between the chemical structure of organic compounds and their 
ability to participate in the active excretory mechanisms of the renal tubule has 
been the subject of previous investigations by others. A large number of dyes 
as well as several sulfanilamide derivatives have been examined, using the per- 
fused frog kidney as an indicator. It was concluded from these studies that the 
polarity of the molecule largely determined whether' a compound participated or 
did not participate in a mechanism of active tubular excretion. Those com- 
pounds with polar-non-polar or socalled organophilic-hj^drophilic configuration 
appeared to be secreted, while non-polar molecules did not (31, 32, 33, 34, 35). 
Many of the actively secreted compounds in the present series possess such a 
polar-non-polar configuration, but there are several striking exceptions. For 
example, sulfanilyl sulfanilamide is actively secreted, yet it contains two weakly 
polar groups, an amino and a sulfanilamido group. Sulfanilic acid and paramino- 
benzoic acid are strongly polar molecules and are not secreted, whereas compar- 
able compounds such as the sulfanilyl gb^ine, the N^-acetyl sulfanilamide and 
paraminohippuric acid are. Molecular configuration is undoubtedly important 
in determining the participation or non- participation of a compound in a process 
of active tubular excretion. However, the mechanisms which are involved 
require further clarification. 
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